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THE PARATHYROID GLANDS* 

j B corxip 

l rom the Department of Diochenustryt University of Alberta^ Ldmonton, Canada 
GROSS ANATOMY OF XIID PARATinTROID GLANDS 

The parathyroid glands m the human subject are bean-shaped struc- 
tures 3 to IS mm long, and 2 to 3 mm broad and thick They are 
yellowish-brown to brown-red m color As a general rule there are 
four distinct glands, situated in such relation to the thyroid lobes that 
It has been customary to distinguish between a supenor and an inferior 
pair of glandules The superior pair are the more constant m position 
They occur on the medial aspect of the dorsal surface of eacli lateral 
lobe of tlie thyroid gland at about the junction of its upper and imddle 
thirds The inferior pair occur also as a rule on the dorsal surface of 
each lateral lobe of tlie thyroid gland but further caudad Acces- 
sory parathyroids arc sometimes present and these may be situated 
m the tliorax nearer to or embedded in the thymus gland (Cowdry) 
Parathyroid glands have been recognised in all classes of the verte- 
brates witli the exception of the fishes (Con dry) 

Ihe anatomical arrangement of these glands m certain of the 
mammals is a matter of considerable interest and affords an explana- 
tion for some of the contradictory results reported by some of the 
earlier workers in this field In tlie dog and cat for example, the four 
glandules arc so closely associated witli tlie lobes of the tliyroid tliat in 
the operation for tliyroidectomy, they arc completely removed n hereas 
m the rabbit, removal of the thyroid gland results in only one pair of 
paratliyroid glandules being taken away The superior pair of glan- 
dules arc frequently described as “external” and tlie inferior pair as 
“internal” m certain of tlie mammals, thus indicating that one pair 
of glandules arc more or less removed from tlie tliyroid lobes and that 

' Lecture delivered before the llorvcj Society in Nciv t ork Cit> on January 2 , 1926 
A number of charts m the teat Iiavc been reproduced by permission from the Amen 
can Journal of Physiology and the Journal of Biological Chemistry 
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one pair are imbedded in the lobnlar tissue of the thyroid Acces- 
sory parathjToids are also very common m certain of the lower 
mammals. 

MIKUTE AKATOMY AND EMBRYOLOGICAL DEVELOPMENT OP THE 
PAEATHYROID GLANDS 

The paratlijToid gland possesses a capsule of fibrous connective 
tissue The glandular cells within the capsule are disposed in columns 
or clumps, which are separated to a greater or lesser extent by bands 
of connective tissue which are continuous wdth the capsule Two 
types of glandular cells are usually recognized The parenchyma con- 
sists in the mam of the so-called chief cells of large polygonal typewhich 
are characterized by their clear cytoplasm and faintly staining nuclei. 
The second tj'pe known as tlie oxyphil cells, stain strongly vdth eosin 
and the nucleus with hematoxjdm 

The paratliyroid glands develop as thickenings of the endoderm 
of the tliird and fourth branchial clefts The superior pair of glan- 
dules are related to the fourth branchial clefts developmentally while 
the inferior pair are similarl)’’ related to the third branchial clefts 

9 

DISCO\'ERY OF THE PARATHYROID GLANDS 

Tlie superior pair of parathyroid glands was first described by Sand- 
strora in 1880. He found these bodies constant m fifty autopsies in 
man and he also studied and accurately described their position and 
structure in the dog, cat, rabbit, ox and horse Sandstrom’s unportant 
contribution was lost sight of and it n as not until eleven 3’^eaTs later 
n hen Gley rediscovered the superior pair of parathjTroid glands that 
due attention v as called to tliese small structures 

Kohn (1895) discovered die inferior or internal pair of parath} roid 
glands This author recognized that every animal is pro\’ided with 
four parathyroid glands occurring in two pairs An internal pair 
present in the substance of the thjToid and an external pair, situated 
at some distance from tlie thyroid in the herbivora, but in the carnivora 
Ijnng on the surface of that gland and usually within its capsule. 
Kohn insisted tliat the parathjnoid glands are organs anatomically 
separate and functionally distinct from the thyroid In this he dif- 
fered from Gley who held at first that the parathjToid glandules repre- 
sented embry onic thj'roid tissue 



PARATHYROID GLANDS 


3 


phvsiology op the parathyroid glands 
Hutoncal 

The earliest recorded experiments on animals bearing upon the 
physiology of the parathyroid glands are those of Raynard (1833) 
Raynard removed the thyroid gland from a number of dogs and found 
that death frequently resulted m the course of a few days 
Schiff (1859) removed the thyroid gland from a number of animals 
of different speaes— rabbits, rats, dogs, guinea pigs and fowls and 
found that while some sumved, others died within a few’ days In 
1884 he published the results of a more extensive investigation He 
states in this communication that no symptoms followed removal of 
the thyroid gland m the case of rats and rabbits whereas m the dog and 
cat, the result was almost invariably fatal 
IVhen Gley (1891) later discovered the external pair of parathyroid 
glands, It became apparent to him that thyroidectomy as previously 
pracfaced meant in the case of the dog and cat parathyroidectomy as 
well, and the divergent results obtained by Schiff following thy- 
roidectomy in different species of animals came to have a rational 
explanation Gley carried out a series of experiments the results of 
which demonstrated that the acute symptoms manifested by certain 
animals following thyroidectomy are due to removal of the paratliy- 
roid glands along with the thyroid Vassale and Generali (1900) 
removed the four parathyroids from ten cats and nine dogs, leaving 
the thyroid gland almost intact 'Of the cats so treated nine died 
within ten days, the majority dying about the fifth day All of these 
presented a typical syndrome, viz , fibrillary contractions and muscu- 
lar spasms, psychical depression, rigid and uncertain gait, anorexia, 
tachjcardia, rapid emaciation, fall in body temperature and death 
Of the nine dogs in this scries all died within eight daj's, most perish- 
ing on the tliird or fourth day All were in good condibon on the day 
following the operation Symptoms began to appear on the second 
or third day and death resulted shortly thereafter The symptoms 
recorded w ere tremors, psy’chical depression, paresis of the muscles of 
mastication, tnsmus, rigidity' of the hind limbs, uncertain and spastic 
gait, muscular weakness and conxmlsions There w as loss of appetite 
and vomiting, palpitation and dyspnea, the urine was scanty and some- 
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times showed traces of albmnin. At post-mortem examination, slight 
congestion of liver and kidneys was noted but nothing specific to point 
to the cause of death was found They adopted the view that the 
parathyroid glands exercise normally an anti-toxic fimction and that 
their removal causes death by poisoning Since the work of Vassale 
and Generali, numerous investigators have demonstrated the vital 
nature of the parathyroid glands The recent work of Nicholas and 
Swingle (1925) on cats would seem to establish conclusively that com- 
plete removal of the parathyroid glands is a direct cause of a specific 
syndrome of symptoms and death 
Apart from this one fully demonstrated fact that the parathyroid 
glands are vital structures, the physiology of these glands has been 
quite obscure There have been two mam theories of parathyroid 
function and each of these has had its adherents These theories wiH 
now be discussed briefly 


THE TOXIN THEORY 

As has been already stated Vassale and Generali (1900) attempted to 
explain the cause of parathyroid tetany by assignmg an anti-toxic 
function to the parathyroid glands The thyroid gland, they held, 
stimulated metabohsm The more intense the metabolism, the more 
toxic substance would be produced In this manner they fitted a 
number of outstandmg experimental observations to their theory. 
Among these latter observations were the following Parath 3 a:oidec- 
tomy is less serious and runs a milder course in old than m young dogs 
It is extremely severe in dogs that eat heavily, particularly of meat, 
and in fasting animals the symptoms are much less severe 

Many attempts were later made to demonstrate the hypothetical 
tetany toxin in the blood of parathyroidectomized animals None of 
these attempts have been attended with clear cut results Biedl and 
others have reported that copious bleeding and the transfusion of 
normal blood relieves the symptoms of tetany in parathyroidectomized 
animals It is argued from these results that a toxm present m the 
blood is responsible for the symptoms and by the process of blood- 
letting the organism may be temporarily freed from the effects of 
the poison. 

MacCallum (1909) observed that the wthdrawal of approximately 
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one-third of the blood from an animal m the acute stage of parathyioid 
tetany and the replacement of the same with normal saline solution 
caused the symptoms to be promptly rebeved This was confirmed 
by Berkeley and Beebe (1909) These latter investigators believed 
that parathyroid tetany is due to a toxic product of metabolism derived 
from the decomposition of albumin The fact that the symptoms are 
considerably aggravated in meat fed dogs confirmed them m this belief 
Joseph and Mdtzer (1911) showed that the mjection of sodium chlo- 
nde solution without previous bleeding will allay the neuromuscular 
symptoms Koch (1912) and 1913) described the presence of methyl- 
guanidme and other bases m the urme following parathyroidectomy 

Baton and his collaborators later claimed to estabhsh the foUowmg 
points 

1 That the symptoms produced by guanidme and meth>l-guani- 
dine are identical with those seen m operative and idiopathic tetany 

2 That very small doses of these substances markedly aggravate 
the symptoms of tetania parathyreopriva 

3 That their amount in the blood and urme is mcreased m experi- 
mental tetany and m the urme m idiopathic tetany 

Fmdlay and Sharpe (1920), and Nattrass and Sharpe (1921) have 
observed an inaeased amount of guanidme, apparently as di-methyl- 
guanidme in the urine in cases of tetany in adults Baton (1924) 
states that the mass of evidence indicates that complete removal of 
the parathyroid tissue leads to a fatal toxerma, he further hypothecates 
that the parathyroids through their internal secretion control the tone 
of muscles by regulating metabolism, i e , the production and destruc- 
tion of guanidme m the body The views of the Glasgow school have 
received support from the work of Frank, Stern and Notthmann, 
Gyorgy and VoUmer, Balladm and Grihche and otliers 

It must be admitted that a very strong case has been made out for 
the guanidme intoxication theory of parathyroid tetany The evi- 
dence, howexer, consists so largely of the circumstantial type that it 
fails to carry x\ ith it the w eight of final conviction 

THE CAI-aUM THEORTi 

J Locb (1901) showed tliat the injection of any salt that precipi- 
tates calaum causes muscular twitchings 
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MacCallum and Voegtlin (1909) demonstrated in the condition 
of parath^TTOid tetany, a lowered calcium content of the tissues and 
body fluids, especially of the blood, the calcium content of which 
might be reduced to as much as 50 per cent of its normal value. They 
also showed that calcium salts injected intravenously caused the con- 
vulsions of tetany to cease and the animal to be restored to a normal 
condition Oral and subcutaneous administration of calcium salts had 
a similar effect although the beneficial action developed much more 
slowly They concluded that the function of the parathyroid glands 
is to regulate the calcium exchange in the body and considered that 
all the symptoms following parathyroidectomy are due to calcium 
deficiency 

IVIacCallum (1912) showed that the galvanic hyperexcitabihty of 
the nerves which is a characteristic feature of tetany is due to some 
change induced in the blood by parathyroidectomy By causing the 
blood from a tetany dog to flow through the leg vessels of a normal dog 
he demonstrated that an excitabihty identical with that found during 
tetany appears in the nerves of the normal leg 
Later MacCallum, Lambert and Vogel (1914) showed quite con- 
clusively by means of dialysis experiments that the change in electrical 
excitability of nerves in the tetany state is due to diminished calcium 
in the blood 

Luckhardt and Gkildberg (1923) showed that parathyroidectomized 
dogs can be kept free from symptoms and in good health even on a 
meat diet when calcium therapy is pushed far enough 
Salveson (1923) obtained somewhat similar results and related the 
w'hole symptomatology of parathyroid deficiency to a lowered calcium 
content of the blood The calcium content of the blood he held is 
normally controlled by the parathyroid glands 

CoUip (1925) reported results in accord with these latter authors 
Clinically the immediate relief of symptoms following the intrave- 
nous administration of calcium salts in low' blood calcium tetany, has 
been repeatedly confirmed. 
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MISCELLANEOUS OBSERVATIONS BEARING UPON THE PHYSIOLOGY OF 
THE PARATHYROID GLANDS 

Aad-base equilibrium 

Wilson and his co-norkers (1915) considered that deranged metabo- 
hsm whereby the normal equilibrium between acids and bases in the 
blood is disturbed, is the cause of the symptoms of parathyroid tetany 
They made a careful study of the ammonia evcretion m parathyroi- 
dectomized dogs and found that the ammonia output is diminished at 
first but later increases when the convulsions start Since the excre- 
tion of ammonia is dependent on the amount of aad which has to be 
excreted by the kidney, these authors concluded that a condition of 
alkalosis develops following the removal of the parathyroid glands 
This condition they held is reheved by the development of a state of 
acidosis caused by aad formation durmg the convulsions In con- 
firmation of this, actual changes in blood reaction were demonstrated 
m the pretetany and tetany states 
Colltp and Backus, and Grant and Goldman (1920) demonstrated 
that by voluntary hyperpnea, a state of tetany is produced Forced 
ventilation of the lungs produces a state of alkalosis and in this con- 
dition, however produced, symptoms of tetany may be manifested 
As the blood calcium may be perfectly normal m the tetany of alkalo- 
sis, It may be assumed that the symptoms result from a decrease in 
calcium ions which is an inevitable result of an increased pH of the 
blood 

Tetanic seizures have been produced by' the disturbance in the 
kation equilibrium of blood or spinal fluid as by the injection of sodium 
chloride (Collip (1920) and Grcenwald (1922)) It is doubtful if this 
type of experimental tetany bears any relationship to parathyroid 
tetany The tetany of alkalosis does however bear a very direct 
relationship to parathyroid tetany The administration of aads has 
been show n to have a definite beneficial effect in parathyroid tetany 
This action of acids may be due to an increase m the ionization of the 
blood calcium resultant on their use It has been our experience that, 
in about 50 per cent of untreated parathyroidectomized dogs, the 
outstanding prodromal sign of an approaching tetanic seizure is 
violent hyperpnea The animals in this group and manifesting this 
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sign, are subject to tetanic seizures of the most violent sort and death 
results as a rule earlier than in the other group Cameron and Car- 
michael (1925) report somewhat similar results From these findings, 
it may be concluded that alkalosis may play a definite role in parathy- 
roid tetany but it is not a necessary concomitant. When it is present 
the symptoms are exaggerated and early death is more likely to occur. 

The intestinal factor 

Much evidence has been brought forward to show that both diet 
and the type of flora of the alimentary canal play a very important 
role in relation to the development of tetany in parathyroidectomized 
animals Thus it has long been known that a meat diet precipitates 
the onset of symptoms and increases their severity while a milk diet 
decreases the severity or prevents the development of symptoms. 
Dragstedt and Peacock (1923) obtained results which indicated to 
them that the symptoms of parathyroid tetany are primarily the result 
of the absorption of the products of bacterial decomposition of meat 
in the mtestine due to the development of a special proteolytic flora 
as a result of a meat diet Their experiments also mdicate, as have 
those of others, that tetany is much less marked when animals are 
given a milk diet They also found that lactose and dextrin seem to 
have a special action m delaymg the onset of symptoms This action 
they have ascribed to the estabhshment by these food stuffs, of an 
aciduric flora in the intestine which prevents the bacterial decomposi- 
tion of proteins into toxic split products 

Luckhardt and Compere (1924) have pomted out that changes in 
the permeability of the mucosa of the gut may have an important bear- 
ing in relation to parathyroid tetany. 

That the liver plays an essential role in the development of the so- 
called toxemia of parath}noidectomized dogs has been argued by 
Blumenstock and Ickstadt (1924). These authors found that para- 
thyroidectomy in Eck fistula dogs resulted in a delay in the appearance 
and a diminution in the severity of the characteristic symptoms 
\Wien symptoms did appear they vere abolished with the greatest 
ease by tlie administration of calcium salts per os They suggest that 
substances absorbed from the gut are not the direct toxic agents as 
such, but they may cause tetany after being modified by some tissues, 
most probably the liver 
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The beneficial effect of miraiienotis salute 

The fact that bleeding" and the transfusion of normal blood is highly 
beneficial in parathyroid tetany coupled nith the observation that 
intravenous injections of normal saline have a similar good effect, have 
done much m the past to discredit the calcium defiaency theory of 
tetany Luckhardt and Rosenbloom (1921) made the case against 
the calaum theory much stronger when they showed that timely 
intravenous injection of calcium free Ringer solution prevents or 
controls tetany in parathyroidectomized dogs over a considerable pe- 
nod of time With such treatment the calaum content of the blood 
must be still further diminished and yet the effect is beneficial 

The Mood chemtslry m parathyroid tetany 

The most constant findmg in the blood condition in parathyroid 
tetany is a greatly diminished calaum content 
Nearly all investigators agree that in the course of tetany there is a 
retention of phosphorus in the blood (Greenwald, Ehas and Weiss, 
Ehas and Spiegel) Greenwald has emphasized that the decrease m 
phosphorus excretion and the increase in blood phosphorus are out of 
proportion one to the other He finds a considerable decrease in the 
excretion of phosphorus m parathyroidectomized dogs but only a shght 
increase in the inorganic phosphorus of the blood, a fact pointing to 
retention of phosphorus elsenhere than in the blood 
Underhill and Blaterwick (1914) observed hypoglycemia m dogs 
following parathyroidectomy Salveson (1923) failed to confirm this 
Our own results are m accord with Salveson in this matter 
Togawa (1920) found a condition of aadosis in dogs sufiermg from 
parathyroid tetany and also noted that the non-protein nitrogen of 
the serum is usually increased Little importance can be attached to 
these latter results since the average control non-protem nitrogen value 
reported is 77 mgm per 100 cc of serum 

* Swingle and M enner (Amcr J Physiol , lxx\ , 372) ha\ c just reported that the with 
dnwal of considerable quantities of blood from dogs suffering from tetania parathyropni'a 
prompUy reheves the symptoms and induces a marked nsc in the level of scrum calaum 
fJicy state that the abatement of sjmiptoms coincides with the nsc m calcium and that 
within 10 or J2 hours after blecdmg the calcium agam decreases in the blood and tetany 
agam appears 
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Paton and his co-workers (1924) find an increase in methyl-guani- 
dine in the blood 

Greenwald(1924) was unable to demonstrate any toxin in the blood 
of parathyroidectomized dogs and is of the opimon that no toxm 
exists 

Kramer, Tisdall and Howland (1921) found in infantile tetany that 
the inorganic phosphorus shows marked variation They found that 
the concentration of sodium and magnesium is essentially normal 
while potassium is slightly increased Calcium is lowered and is the 
one inorganic constituent of tetany blood, the concentration of which 
is markedly changed. 


EXPERIMENTAL TETANY 

Tetany has been produced in animals by various experimental 
measures As the study of experimental tetany induced by means 
other than parathyroidectomy may throw some light on parathyroid 
tetany itself a number of the experimental tetanies unll be briefly 
referred to 

1. Any salt which ivill precipitate calaum in the tissues and bod}’' 
fluids causes muscular twitchings (Loeb (1901)) 

2 Sodium chloride given in massive doses by intravenous injection 
Mill produce tetanic seizures (Greenwald) 

3 The intravenous injection of sodium bicarbonate has been ob- 
served on occasion to cause tetanic con'vulsions in both man and 
e'qienmental animals (Tileston, Harrop, and others) 

4 hlorris (1922) has demonstrated that all conditions of anoxemia 
markedly increase the electrical excitability of nerve endmgs 

5 Campbell (1925) has very recently suggested that tetany and 
convulsions are caused by oxygen deficiency in the cell (brain, spinal 
cord) and that the purpose of tetany and convulsions is to counteract 
this defect 

6 Guanidine and methyl-guanidme produce a state of tetany some- 
what similar to that seen in parathyroid deficiency The action of 
tliese bases is cumulative (Paton) 

7. Forced ventilation of the lungs is productive of mild tetany 
(CoUip and Backus (1920), Grant and Goldman (1920)). 

8. Gastric tetany has been produced in dogs by McCann (1918) 
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9 Binger (191 7) showed that the injection ofphosphates in sufficient 
amount \\ould cause a decrease m the calcium content of the blood 
and produce tetany provided neutral or alkaline solutions ivere used 
Aad sodium phosphate caused a decrease m the blood calcium but did 
not produce tetany 

10 Cameron and Carmichael observed tetany in a certain per- 
centage of rats which had been fed desiccated thjnroid gland 

11 Tetany can be produced in rats by dietary measures alone 
(low calcium and high phosphorus) 

12 Tetany is manifested m rachitic rats 

13 There are at least three factors which influence the production 
of experimental tetany, viz , tissue anoxemia, disturbance in ionic 
equilibrium and pH 

TETANY AS A CLINICAL ENTITY 

letany is a clinical syndrome characterized by a peculiar hyper- 
exatability of the nervous system (motor, sensory and autonomic) 
and m manifest cases, also, by spontaneous attacks of peculiar tonic 
spasms, involving certain groups of muscles or even the whole body 
musculatUTC 

The syndrome can be easily and surely recognized, m all cases by 
demonstrating the existence of its most constant and characteristic 
mark, namely, an mcreascd response to galvanization of the motor 
nerves (Erb’s sign) (Barker) 

Certain signs are usually present Most important of these are the 
Trousseau and Chvostek phenomena Pressure on the nerves in tlie 
bicipital sulcus gives rise to a peculiar obstetrical attitude of the hand 
and forearm (Trousseau) Tapping the facial nerve causes contrac- 
tions of the muscles on the corresponding side of the face (Chv'ostek) 
Carpo pedal spasm is usually present in manifest tetany 

TYPES or TEIANY 

Ivfanttle tetany 

This condition is most commonly seen in the so called tetany months 
of March and April 

Post-operativ'c tetanj or tetama stniimpnva occurs as a result of 
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removal of or damage to (cutting off of blood supply) the parathyroid 
glands 

Both infantile tetany and post-operative tetany are probably con- 
ditions similar to parathyroid tetany m animals Both show a lowered 
calcium content of the blood and both types yield to calcium therapy. 

Gastric tetany 

This condition was first described by Kussmaul. The blood cal- 
cium is normal in this type of tetany and the underlying causative 
factor would appear to be an alkalosis set up as a result of the with- 
drawal from the body of excessive amoimts of acid. 

Tetany due to hyper pnea 

Tetany due to excessive pulmonary ventilation has been reported 
(Barker and Sprunt (1925)) 

Other forms of tetany in the adult human subject are tetania gravi- 
darum and idiopathic tetany. 

PARATHYBOID GRATIS 

There are a number of cases of successful parathyroid grafts recorded 
in the literature Schiff (1884) succeeded in keeping a thyroidless 
dog alive by the abdominal implantation of fresh thyroid glands 
Eiselsberg (1892) showed more positively that the thyroid gland when 
implanted into the abdominal fascia or m the peritoneum of cats, 
healed in and prevented the occurrence of tetany When the healed- 
in-tissue was removed tetany followed and the animal died 

Halsted (1909) has described the successful transplantation in dogs 
of both their own parathyroid glands and those of other dogs 

Successful transplantations of human parathyroid glands have been 
reported by a number of workers 

Borcher (1919) states that a single parathyroid gland is adequate to 
obviate sjmiptoms in the human subject 

PARATHYROID EXTRACTS 

Moussu (1898) claimed to have arrested post-operative tetany in 
dogs by subcutaneous and intravenous injections of extracts prepared 
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from the parathyroid glands of the horse He used sterile water and 
glycerin to prepare his extracts 

Vassalc (1905) introduced an extract of parathyroid glands which he 
called parathyroidm He asserted that it had a favorable effect upon 
tetany attacks in human bemgs His method of preparing the extract 
was not published 

Vincent and co-workers (1905) were unable to prevent the onset of 
symptoms in thyroparathyroidectomized animals either by the use of 
thyroid or parathyroid gland extracts 
Berkeley and Beebe (1909) prepared an extract from beef parathy- 
roid glands by the use of acetic acid, from which they separated a 
nucleoprotem This parathyroid nucleoprotein they found to have 
curative properties when administered to parathyroidectomized dogs 
Berman (1924) pubhshed a short note in which he claimed to have 
isolated by aad alcoholic extraction of parathyroid glands a crystal- 
hne substance which raised tlie blood calcium when injected into 
rabbits 

MacCallum (1924) in a paper dealing with the pathogenesis of 
tetany refers to the use of parathyroid gland preparations as follows 

Extracts of parathyroid glands have naturally been tned, both experi- 
mentally and dmically, throughout many j ears and some of them seem 
to have some effect m restoring calcium balance and the normal exatabihty 
of nerves, but at best it is a slight and questionable effect and less satis- 
factory in experimental animals than in the tetany of adults, from which it 
may probablj be assumed that the psychic effect of any treatment plays a 
part there 

Hanson (1923-1924) has published a series of papers in which he 
describes the preparation and use in both experimental animals and 
man of a weak hydrochloric aad extract of ox-parathyroid glands He 
prepared tlie extract by first extracting the glands with boilmg, dilute 
hydrochloric aad Many of Hanson’s results are highly suggestive of 
the presence of an active prinaple in his extract No absolute scien- 
tific proof, however, is given of the presence of the parathyroid hor- 
mone m these extracts 

Collip (1924) brought forw ard final proof that extracts prepared by 
weak aad hjdroljsis of tlie fresh or acetone preserved parathyroid 
^ glands of the ox contain the active principle of these glands This 
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proof consisted in the demonstration that such extracts consistently 
and tmiformly prevent or relieve tetany in thyroparathyroidectomized 
dogs This result was obtained in the case of young dogs kept on a 
lean meat diet, and treated with alkahnized extracts It was also 
shown that the probable manner of action of the hormone contained 
in these extracts is through a direct effect on calcium metabolism 
The blood serum calcium of parathjnroidectomized dogs is found to be 
elevated following the use of the extract The injection of the extract 
into normal animals causes the blood serum calcium value to be ele- 
vated and a method of assay was later (Collip and Clark (1925)) 
developed based upon this findmg 
These results have been confirmed by a number of workers, Madeod 
and Taylor, Cameron and Moorehouse, Greenwald,^ Fisher and Lar- 
son, and Hjort 


PREPARATION OF THE HORMONE 

Fresh glands are ground in a meat chopper, placed m large Pyrex 
tubes (5 -f 45 cm ) and covered "with an equal volume of 5 per cent 
hydrochloric acid Three per cent hydrochloric acid is used if the 
glands have been preserved in dry acetone The tubes and their 
contents are then placed in a boiling water bath for from thirty minutes 
to one hour During the digestion the mass is stirred and broken up 
with a glass rod until most of the material is in solution, and that which 
is not, quite finely divided When this treatment is finished, the ex- 
tract is diluted with four parts of hot water and set aside to cool 
The fat, which separates and rises to the top of the container, con- 
geals upon cooling and is removed mechanically. The liquid is there- 
upon made alkahne (pH 8 0 to 9 0) with sodium hydroxide which dis- 
solves practically all the suspended material Hydrochloric acid is 
then added wnth constant stirring until considerable preapitation 
occurs whicli, at the same time, permits rapid filtration The object 
to be attained here is to have the liquid at a hydrogen ion concentra- 
tion such that as much as possible of the active material is in solution, 
but at the same time rapid filtration is possible Usuallj'- the hydro- 
gen ion concentration is in the neighborhood of pH 5 5 to 5 6, but the 


* Personal communication 
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proper condition can best be determined by trial After the liquid is 
filtered the precipitate remaining on the filter is dissolved in weak 
alkali and again treated with hydrochloric acid as before This proc- 
ess IS repeated as long as any active material remains m tlie filtrates 
This point IS determined by noting whether upon making the filtrate 
acid to Congo red and saturating it with sodium clilonde an appre- 
ciable amount of precipitate is formed The active substance is 
separated from the filtrates by salting-out with sodium chloride, the 
first filtrate being worked up separately from the subsequent ones 
The salting-out is done by making the solutions acid to congo red and 
saturating them with sodium chloride The substance generally 
flocks out and rises to the top of the hquid The precipitate is trans- 
ferred to a filter, separated from its mother hquor, dissolved in weak 
sodium hydroxide, centrifuged, and the hquid adjusted to pH 4 8 
The isoelectric preapitate which thus separates is either filtered or 
centnfuged off, dissolved by the addition of hydrochloric aad, and the 
process repeated until the mother liquors are quite clear and devoid of 
color The substance is dissolved m hydrochloric acid at pH of about 
3, Berkcfeldcd, standardized, and is then ready for use 

A very satisfactory preparation for laboratory use can be made 
from the original residue Even after several extractions of this 
residue as above described, considerable of the active prinaple remains 
behind This was at first overlooked since the washmgs which were 
found to be inert were made at a pH near to the isoelectric point 
The residue has been worked up as follows It is taken into solution 
by the addition of acid, sodium chloride is then added until floccula- 
tion occurs Ihe precipitate is removed and is then submitted to a 
process similar to that described 

THT atrillSTRY OF THE ACTIVE EXTRACT 

The chemical properties of the most highly purified active extract 
of the parathjToid glands of oxen which has been obtained are such 
as to indicate that it consists esscnUally of a protein-hkc substance 
It gives the common protein reactions, namely, tlie xanthoproteic, 
Millon’s, biuret, ninhydrin and Hopkins-Cole reactions The hlolisch 
carbohydrate reaction and the orcmol-hj drochloric test for pentose 
arc not given Sulphur and iron are present (Colhp and Clark) 
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There is the possibility which cannot be overlooked that the active 
principle may be some fairly simple compound which associates itself 
v/ith the particular protein-like fraction which has been dealt wth 
The fact, however, that proteolytic enzymes completely inactivate 
the most potent preparations argues against this possibihty It has 
also been found that no appreciable change in chemical composition 
or in physiological actndty occurs when repeated isoelectric precipi- 
tation of already purified material is carried out Thus in one experi- 
ment, material was purified by two precipitations with sodium chlo- 
ride and ten isoelectric fractionations. The sohd was washed with 
water at pH 4 8 4nd recovered by centrifuging It was then suspended 
in absolute alcohol of such amount that the resulting concentration of 
the latter substance was 95 per cent An equal volume of dry ether 
was added to the alcoholic suspension and the precipitate was 
recovered by centrifugmg The solid as obtained was washed with 
dry ether and finally the ether was removed and the substance was 
thoroughly air dried On analysis, the air dried powder contamed. 14 5 
per cent of nitrogen Similar material which had been dried m vacuo 
over sulphuric acid and potassium hydroxide contained 15 5 per cent 
of nitrogen thus indicating that the purified powder is hydroscopic 
The purified sohd prepared as outhned above, was taken into solution 
in weak acid and precipitated isoelectrically This process was thrice 
repeated The precipitate was then treated with alcohol and ether 
as in the first instance The air dried resultant solid contained 14 6 
per cent of nitrogen and when submitted to the physiological test for 
potency showed no appreciable change (CoUip and Clark) 

The purified material in the form of the desiccated solid or in weak 
acid solution (sterile) has been found to be stable The purified sohd 
is soluble in absolute alcohol to the extent of 0 1 per cent It is 
insoluble m acetone, ether and pyridine Its physiological activity is 
completely destroyed by boihng for one hour with 10 per cent hydro- 
chloric acid or 5 per cent sodium hydroxide It is rendered mert by 
the action of both pepsm and trypsin. In order to be assured that the 
action of these four reagents was to effect complete destruction of the 
physiologically active material, a number of dogs were injected at 
frequent intervals over a period of many days with massive doses of 
this highly potent extract This extract, divided into four lots, had 
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been treated respectively ^vith 10 per cent hydrochloric acid, 5 per 
cent sodium hydrovide, pepsin and trypsin Frequent blood serum 
calcium determmations were made and in no instance was any evidence 
obtained of the presence of the active principle in any of the treated 
extracts 

The active principle does not dialyze through collodion membranes 
to any appreciable extent 

It IS removed from solution by Nont and by the Fohn-Wu tungstic 
acid reagent 

Chemically the punlied solid resembles insulm somewhat At- 
tempts to further purify it by the method recently employed so suc- 
cessfully m the case of insuhn by Abel and his co-workers have not met 
with success m our hands That it wnll ultimately be purified to a 
much greater extent would seem, however, an inevitable conclusion 

THE PHYSIOtOGICAL PROPERTIES OF THE ACTIVE PEINCIPIE 

The outstanding physiological property of the active pnnaple of 
the parathjroid glands is its specific effect on the concentration of 
calcium in the blood There may be other direct effects of the active 
principle but this is the only one which has been absolutely proven 
It is possible that all other effects resultant on the experimental pro- 
duction of hyperparathyroidism by means of the hormone, are purely 
secondarj’ to the changes directly induced in calcium metabolism 
Changes which occur m the last few hours of life in a dog foi example 
which is in an essentially moribund condition as a result of parathy- 
roid hormone overdosage, should not be interpreted as direct or im- 
mediate effects of tlie hormone They are rather preterminal phe- 
nomena which have httle practical bearing on the purely physiological 
effect of die hormone itself The physiological action of the para- 
thyroid hormone is normally to regulate calaum metabolism and to 
maintain a definite level of calcium in the circulating blood 

TIIF EFFECT OF TUT l^JECTION OF THE PXRATHYROID IIORMONT 

Normal ammals 

There is an enormous xanation in tlie response of different normal 
ammals to injections of the parathjToid hormone Single small 
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Fig. 1 Sex-ot as Used foh Bermangaeaxe Thrahon ik Esoimation op Blood 

Serdm Calctcu 
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doses have produced no objective effects in those animals so treated 
The response to repeated injections at short intervals of tune is much 
different Some anunals exhibit a typical tram of symptoms nhich 
end fatally if the mjections are continued past a certain point while 
others are relatively immune Considerable work still remains to be 
done in this field It would appear that the dog is of all animals the 
most susceptible to “poisonmg” by overdosage The cat responds in 
a somewhat similar manner but this animal is relatively slightly more 
resistant to the active extract than are dogs Rabbits are practically 



CnAKT 1 Showing that the response to single subcutaneous injections of parathyroid 
hormone is of a quantitative nature 
Dog 169 — 22 kilos — received 50 units 
Dog 171 — 20 kilos — received 75 units 
Dog 170 — 19 kilos — received 100 units 

immune to repeated injections of the hormone Hens are in the same 
category 

The dog is the most suitable animal upon which to study the changes 
produced in blood chemistry following injections of tlie hormone 
This IS so for tw o reasons, viz , the nature of the response of this animal 
and the case with which frequent blood exammations can be made 
It has been found that the mam effect of single injections of active 
extracts of the parathjroid glands into normal dogs is an increase in 
the blood serum calcium value For some hours following an in- 
jection the blood scrum calaum gradually increases until a peak point 
is reached, a return to normal is tlien gradually accomplished The 
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slope of the descending curve is somewhat the same as that of the 
ascending one The peak pomt is reached in twelve to twenty-four 
hours after the injection but it is usually attained in from fifteen to 
eighteen hours. 

It has been shown that the increase in blood serum calcium attained 
in fifteen hours is almost directly proportional to the dose admin- 
istered. Thus, by using a large number of dogs and noting the blood 
serum calcium increases over the fifteen hours followmg the injec- 
tions any given batch of e.xtract can be physiologically standardized 
Considerable variation is of course found in the response of different 
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Chart 2 Constructed curves illustrating that the blood scrum calcium response to 
a single injection is directly related to the size of the dose administered 

dogs but by using a large number of animals in a potency test these 
variations are compensated for to a fair degree No absolute rela- 
tionship between the weight of an animal and the blood serum cal- 
cium mobilizing effect manifested has been found For this reason, 
in potency testing, animals approximating to twenty kilos m weight 
are used Food is also withheld for twenty-four hours previous to 
the test 

Young animals seem to respond better than old animals Prob- 
ably the ideal for potency testing vill be young animals of the same 
litter. A imit of potency has been defined as one one-hundredth of 
that amount of extract which produces on an average a 5-mgm rise 
in blood serum calcium in 20-Lilo dogs, over fifteen hours 
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No marked and constant variations have so far been noted in the 
blood constituents of normal dogs other than calcium following single 
moderate doses of the hormone 

Single injections of the parathyroid hormone have not as a rule any 
ill effect upon dogs unless the dosage is excessive If the calamn 
rises above IS mgm per 100 cc of serum, vomiting may occur, but 
this in itself is not serious If massive doses are administered the 
blood serum calcium may rise to 20 mgm per 100 cc or even higher 



Chart 3 Showing that the response of paralh>ro«lectoroizcd dogs to injections of 
the hormone is of the same order as the response of normal do^s 
Dog 198 — 19 Ulos — thyroparathyroidcctomircd 
Dog 21(5-18 5 hilos — normal animal 

Both animals treated exactlj alike, each receiving three injections of the hormone at 
four hour intcnals 


and the animal may die on the second or third day If the condition 
of profound hypercalcemia is not maintained for an undue length of 
time, uneventful recover}' may occur 

THE EFTECT OP REPEATED INJECTIONS AT SHORT INTERVALS 

Normal dogs injected at four hour intervals uith 25 units of para- 
thjroid hormone manifest a tj-pical tram of symptoms, run a cliar- 
attciislic blood calcium curve and die vithm forty-eight to seventy- 
t«o hours as a rule Certain blood constituents other than calcium 
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also run a characteristic curve The physical properties of the blood 
are also altered Somewhat similar results are obtained when larger 
or smaller dosage is administered and when the time inter\’’al between 
injections is varied to a considerable degree The sjmiptoms mani- 
fested and the order of their occurrence are somewhat as follows 
Some hours after tlie injections have been begun the animal has at- 
tacks of vomiting followed b}"- diarrhea, a certain uneasmess of manner 
may be manifested at this time but othervnse the animal is quite nor- 
mal in its behavior. During this period (approximately twenty-four 



Chart 4 Indicating the blood serum calcium and the uhole blood inorgamc phos- 
phorus cun es, in parathjiuid o\ crdosagc due to p\ ranuding in the normal dog 

hours) the blood calcium curve is steadily rising at a uniform rate. 
The peak point of the blood calcium curv^e is reached at about 20 mgm 
per 100 cc It is maintained at this level for some hours and then the 
blood calcium starts to faU The animal meanwhile may continue to 
have occasional attacks of vomiting and diarrhea, and is physically 
becoming more and more depressed A certain degree of respiratory 
distress may also be noted Coinadent with the fall in the blood 
calcium curve urgent s3mptoms become manifested There is \'omit- 
ing and passing of blood by bowel and the animal passes into a state 
of collapse Death follows as a rule within a few hours In this 




PARATHVROID GLANDS 


23 


period of urgent symptoms the blood phosphorus (inorganic) rises 
abruptly The blood urea and non-protein nitrogen also increase 
several hundred per cent There is a marked decrease m blood volume 
and a characteristic thickenmg of the blood The coagulation time 
IS decreased The circulation gradually fails and blood samples are 
obtained from peripheral veins only with great difficulty The car- 



CnAEX 5 The blood scrum calcium, whole blood chloride, nitrogen, and non piotem 
nitrogen, as affected by repeated injections of 25 umts of the hormone and frequent 
bleedings, in the normal dog 

bon dioxide content and combining poncr of the blood scrum are as a 
rule definitely and graduallv increased during the first half of such 
experiments The pH of the blood serum as determined by the 
colorimetric method of Cullen may be coincidcntly increased ^e^y 
slightly This would indicate that in this period there is a tendency 
towards alkalosis which is however well compensated The increase m 
CO: content of the blood serum is maintained for several hours, then 
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this value gradually decreases and in the terminal state is greatly 
reduced The pH on the other hand remains stationary until vithin 
a few hours of death when it decreases very rapidly. The general 
effect therefore of parathyroid hormone overdosage upon the acid-base 
balance is to produce a condition of compensated alkalosis on the 
first day, this then passes over into a condition of compensated acidosis 
wliich in turn is followed by an uncompensated acidosis just prior to 
death 



hra. 6 iZ Zi JO 4B 60 12 


Chart 6 The blood serum calcium and whole blood inorgamc phosphorus and 
chlorides as affected bj rejieated injections of 25 units of the hormone in a th>’roparathy- 
roidectomized dog 

The urinary findings in parathyroid hormone overdosage are also of 
interest The kidney practically ceases to fimction very abruptly at 
about the time that the serum calcium curve has reached its peak 
point There is a sudden decrease in the volume of urine produced 
and, as a rule, both a relative and an absolute decrease in the rate of 
excretion of phosphorus, ammonia and titratable acid Coincident 
with this abrupt decrease in kidney function the curves for whole 
blood phosphorus, urea, and non-protein nitrogen start to ascend. 
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These changes and their time relationships are best illustrated b} an 
inspection of the cun es in the text 

Post-mortem examination of a dog dying from parathyroid hormone 
overdosage discloses marked congestion of the alimentarj canal and 
the presence of more or less blood in the stomach and intestine 



Tir 7 PnoToiuCRorR.\pn or Mrco'i\ or Stomxcti ot T)or Bmnt trom PARMrrvRom 
IIoRMOM 0\iRno<;voi 

Isotc the dilated cipillarjcs and 'cmikc, al o the hemorrhagic area^ Section prt 
pared b> courlcse of Dr R V Shancr 

Dr R Shancr of the dtparlmtnl of anatomi of this Uiiiiersity has 
X tn kmdh examined microscopic sections from the stomach of such 
anmwls (fig 2) and also of animals dxing from injections of calcium 
chloride and icul sodium phosphate (fig 3) He has described tlicse 
sections as follows 

Sections from tlic stem icli will show i marked elnngc m 'he blood \ essels 
m the tunic i jiropm, between the gastric glands and gi-tne pits 

\s Mai! has shown, i fine cipill-rx plexus surrounds (he gistrie gland- 



26 


J B COLLIP 


It IS fed b} arterioles A\hich anse froni the submucosal arteries, penetrate the 
muscularis mucosa and end m the deep part of the capillary plexus The 
plexus IS drained by small veins vhich arise superficiall}'^ between the gastric 
pits, just beneath the mnei surface of the stomach The veins run back 
through the tunica propria and muscularis mucosa mto the submucosa 
In the stomacli of the dog dead from an overdose of parathyroid extract 
the capillary plexus around the glands, and its veins aie moderately dilated. 



Fig 3 Photomicrogr \ph of IvIucosa op Stomach op Dog Daixg prom CaCls axd 

NaH.>P04 IxjECriONS 

Contrast w ith figure 2 Section prepared b> courtesj of Dr R F Shaner 

more so superficially vhere the capillaries pass mto the veins In this 
superficial zone there is also a general extravasation of blood from the ends 
of the capillanes and the first parts of the veins into the surrounding tunica 
propria There seems to be no actual rupture of endothelial v alls, for these 
can be traced through the cell masses There is no special dilation of 
either a eins or arteries m the submucosa Apparently a general diapedesis 
takes jilace The escaping blood first fills the tissue betw een the gland pits 
and then seeps out into the stomach cavity 
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The stomach of the dog killed by overdose of calcium and phosphorus 
shoivs much the same conditions The capiUaiy-plexus is even more dilated, 
being affected in the deep as well as in the superfiaal parts In the area 
from which the section was taken no bleeding had occurred, hence no 
extravasation of blood appears in the sections There is no doubt, how- 
ever, that this took place elsewhere, and in the same manner as m the dog 
killed by parathyroid extract 



liabbits and rats 

It had been our experience that the normal rabbit and rat arc im- 
mune to repeated injections of the hormone and indeed show ed very 
httle cliange in blood scrum calcium values under such treatment 
Macleod and Taylor have obtained similar results Recently, liow- 
cx cr, w c have shown that hypercalcemia can be induced in most nor- 
mal rabbits if enormous dosage of the active extract is administered 
cither in single injections or in repeated doses No effect on inorganic 
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phosphorus of whole blood was noted in these experiments, neither 
were any signs of overdosage phenomena produced These observa- 
tions taken m conjunction with others which will be referred to in 
detail later on, force the conclusion that hypercalcemia alone is not 
deleterious. The overdosage phenomena seen m dogs and cats are 
in our opinion due to a tripod of conditions, namely, hypercalcemia, 
hyperphosphatemia and in the terminal stage extreme acidosis 
The latter state is in all probability induced by the two former 
conditions 



Chaet 8 Showing the non-effect of repeated administration per os of the para 
thyroid hormone 


PABATHYROIDECTOMIZED ANIMALS 
Dogs 

The effect of single injections of the active extract into parathy- 
roidectomized dogs is in no way diflterent from the effect on normal 
animals There is the characteristic blood calcium curve following the 
injection The quantitative response in blood calcium elevation is of 
the same order as is found in the normal animal This is of particular 
interest on account of its bearing on the possible relationship of the 
thyroid to parathyroid function As our parathyroidectomized dogs 
are thryoidectomized as well, the fact, that the effect of the hormone 
is, as far as one can judge, quantitatively the same in both normal and 
thyroparathyroidectomized dogs, argues against any influence an- 
tagonistic or othenwse of the th3u:oid upon the parathyroid glands. 
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Overdosage phenomena and death are produced in thyroparathy- 
roidectomized dogs by repeated injections of the e-rtract just as in the 
case of normal animals and the same characteristic symptoms and 
findings are noted 

Do q 54-S 

^ 200 t/B/ts Pamfhyrofd hormoe 




OiART 9 Dog 345, 25 5 kilos Showing cun es for blood scrum calcium Vi hole blood 
morgamc phosphorus, non protein nitrogen and urea following single injection of 200 
units of the parathyroid hormone 


If Uie parathyroidectomized animal is in a state of tetany prior to 
the injection of the active extract there is, coincident nith the eleva- 
tion m the lev cl of blood calcium, relief from tetanj and the restoration 
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of nonnalcy The production of profound hypercalcemia by over- 
dosage results in the typical symptoms of this condition becoming 
apparent and death ensuing 

The curve of inorganic blood phosphorus in thyroparathyroidectom- 
ized animals submitted to overdosage with the parathyroid hormone 



Chart 10 Dog 331, o', 18 5 kilos Showing effect of parathyroid hormone over- 
dosage upon the urea and non-protein nitrogen cun es The curves compare favorably 
with those for retention See chart 11. 


is of interest It has been our experience that the inorganic phos- 
phorus of the blood of tetany dogs tends to be elevated as Salveson 
and otliers have also observed The first efi'ect upon the morganic 
phosphorus of the blood mduced by injections of the hormone in these 
animals is as a rule, a reduction to lower values, such as 6 or 7 mgm 
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reduced to 4 mgm per 100 cc K overdosage phenomena are produced, 
however, the inorganic phosphorus rises in the preterminal period to 
very high levels ]Ust as in the case ol the normal dogs so treated 
Very recently we had the opportunity of treating a case of post-opera- 



CfTAETll Dog 2, 9) 5 kilos Both ureters ligated under ether anesthesia Show- 

iri, ctlccl of suppression of kidney function upon blood urea and non protein nitrogen 

ti\ e hypoparathyroidism in a hximan subject, w ith the hormone The 
blood serum calcium m this case was S 5 mgm per 100 cc and tlie in- 
organic phosphorus oE the whole blood ^vas V 1 mgm per 100 cc 
prior to the use of the active extract In the absence of calaum 
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f /aTrareaous 

^ Parathyroid kormose sahcuT. 



Chart 12 Dog 373, o’, 14 5 kilos Forty cubic centimeters o£ 5 per cent CaCis 
injected intravenously followed immediately by 60 units of parathyroid hormone sub- 
cutaneously. Cur\'es shoa subsequent effect upon blood serum calcium and whole blood 
inorganic phosphorus Note the reinforcing action of the calcium lactate per os upon 
the calcium curve. 
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therapy the blood serum calaum was raised to 9 4 mgm and the blood 
phosphorus reduced to 4 mgm per 100 cc with complete relief Of 
symptoms 


Cals 

No detailed studies have been made upon parathyroidectomized 
cats treated with the active extract Tetany may be prevented or 
relieved in such animals and the level of blood calcium is raised by the 
use of the hormone Overdosage phenomena are similar to those ob- 
served in dogs and the terminal rise in blood phosphorus is quite as 
characteristic 


Railtls 

In view of the fact that normal rabbits arc immune to overdosage 
phenomena and since they show such a sluggish response in the eleva- 
tion of blood serum calcium following injections of tlie parathjToid 
hormone, it is a matter of great interest to study the blood chemistry 
of these animals as affected by parathyroidectomy and also to observe 
the effect of the hormone on such parathyroidectomized animals 
Such a study has just been completed and the results are very in- 
structive Removal of the parathyroid glands from normal rabbits 
has resulted in our experience in the early preapitation of \nolent 
tetany, with death following very quickly thereafter The blood 
scrum calcium starts to fall within a few hours of the operation Dur- 
ing this early period no appreciable changes in blood phosphorus (in- 
organic) are noted 1 he onset of fatal tetany is as a rule very rapid 
The majority of our untreated animals died within thirtj hours 
Some hours previous to the onset of tetany and some hours after the 
blood calcium has started to fall tlie inorganic phosphorus (as deter- 
mined by tlie Briggs method) rises markedly and in the tetany stage 
reaches very high le\els After tetany is manifested death occurs 
very rapidly as a rule and injections of parathyroid hormone or even 
of calaum chloride may be of little avail Ihe most striking change 
in the blood chemistry' induced by parathyroidectomy in rabbits is 
tlie enormous rise in blood phosphorus in the pretcrminal stage In 
this particular these animals differ most from dogs and herein is prob- 
ably the explanation for the Molent and unyielding character of the 
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tetany manifested in these animals These observations tend to 
emphasize the importance of phosphorus in relation to the pathogene- 
sis of tetany, a fact which Greenwald has long maintained to be of 
great importance. 

The treatment of parathyroidectomized rabbits by the injection of 
the parathyroid hormone can be successfully carried out in the major- 
ity of cases providing the injections are started immediately after 
the operative removal of the glands A number of parathyroidectom- 

{• Doff 572 

^ ■ 1 1 ■ 

V CafctuK! lacfate wfJb rtsat per os 

4 75uoih Pa/'atJfyra/d iomoae avbcut 



CHiVRT 13 Dog 372, cf, 16 S kilos Seventy-five units of parathyroid hormone 
injected subcutaneously Ten grains of calcium lactate fed with lean meat every hour 
for five hours Curses show effect upon blood scrum calcium and whole blood inorganic 
phosphorus 

ized rabbits have, however, died during such treatment and at death 
the blood serum calcium is as a rule only shghtiy reduced, but the 
blood phosphorus is fotmd to be very high Whether such a result is 
due to too much extract or to an independent break away, so to speak, 
of the inorgamc phosphorus is not yet detenmned Certainly by the 
use of the extract the blood phosphorus may be kept low and the cal- 
cium witliin normal limits in the majority of instances as in the case 
of parath^TOidectomized dogs and cats treated with the hormone. 
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IN IVHAT rORJI DOES CALCIUM EXIST IN THE BLOOD? 

As not all the calaum m the blood wll dialyze, it has been argued 
that a certain part of it is organically bound Cameron and Moore- 
house (1925) have very recently published results which indicate the 
existence in the blood plasma of a speafic organic compound of cal- 
cium The findings of Cameron and Moorehouse are of great sig- 
nificance and will be briefly enumerated Assuming that the cerebro- 
spinal fluid is representative of that part of the plasma which can 
diffuse through an anunal membrane, it is shown that the diffusible 
calaum of normal dog’s plasma averages 53 per cent of the serum 
calcium Plasma and serum calaum values of normal dogs are 
usually equal Corpuscles are practically calcium free (Kramer and 
Tisdall (1922), Rona, Petow, and Wittkower (1924)) It is suggested 
therefore, that 53 per cent of the blood calaum exists m the inorganic 
form and 47 per cent in organic combination It is furthersuggested 
that in the process of clotting tlie organic compound of calcium is 
changed to another organic form which dissoaates to a greater extent 
so that a larger percentage of the serum calaum is diffusible Re- 
moval of the parathyroid glands results m a decrease of the total 
blood calcium, and of both fractions There is an apparent gradual 
increase in the proportion of plasma calaum that can diffuse so that 
finally, in acute tetany the figures for serum calcium and cerebro- 
spinal fluid calcium tend to become exactly equal This increase they 
state, IS, however, only apparent since after parathyroidectomy the 
organic calaum compound with its calcium is more and more com- 
pletely taken up by the clot so that in acute tetany the serum calcium 
IS less than the plasma calcium by 3 or 4 mgm per 100 cc This fact, 
if confirmed, that the plasma calcium and therefore the whole blood 
calaum, is only slightly reduced in acute tetany while the serum cal- 
aum IS reduced by approximately 50 per cent of its normal value 
would seem to throw a new light on the nature of the blood calcium 
and also on its r61e m parathyroid tetany Cameron and Moore- 
house find that the decrease in whole blood calaum induced by para- 
thyroidectomy IS due to a decrease in both the diffusible and non- 
diffusible forms The conception of a scries of mterlocked equilibria 
between calaum ions and undissoaatcd inorganic calaum compounds 
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Chart 14 Dog 368, 9, 17 5 kilos Showing curves for blood scrum calcium, and 
whole blood inorgamc phosphorus urea and non-protein nitrogen following single injection 
of 100 units of the parathjToid hormone Ten grams of calcium lactate were administered 
by stomach tube at beginning of experiment and again at 3 7 hours 
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Chart 15 Dog 371, 9, 15 Ulos Ten grains of calaum hctategnen by stomach 
tube at times indicated b> arrows on chart Profound hj-percalceroia folloned and death 
ensued The blood became ^cty m«?cous and il was difBcult to separate the serum ihere- 
froim 
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and organic calcium (CaX) is presented Tetany is due to a decrease 
in the inorganic calcium of the plasma resultmg indirectly from a 
diminution of the organic compound. In testing out the activity of 
the parathyroid hormone on parathyroidectomized dogs, Cameron 
and Moorehouse (1925) report as follows. “After injection mto the 
parathyroidectomized animal the serum and plasma values (calcium) 
rise and tend to become equal, the whole blood calcium mcreases 
correspondingly and the cerebrospinal fluid shows a delayed rise” 

That the organic calcium compound is entirely convertible into the 
inorganic form is shown by the fact that ammonium oxalate added to 
serum results in the quantitative precipitation of the serum calcium 
This is only so, however, when sufiiaent time is allowed to elapse 
before the recovery of the calcium as the calcium oxalate precipitate 
is attempted Such a result is entirely in accord with the theory ad- 
vanced by Cameron and Moorehouse 

Attention has been focused on the importance of ionized or ionic 
calcium in the blood (Vines (1921)). No one will dispute the great 
importance of “ionic” calcium values but until some method is devised 
which will permit of the accurate determination of the calcium ion- 
concentration in blood and body fluids, little progress can be made in 
this field It is the opinion of the writer that the absolute concentra- 
tion of calcium ions is the most important factor in calcium metabolism 
and that this factor is normally regulated either directly or indirectly 
by the parathyroid glands 

THE ESTIMATION OF BLOOD SERUM CALCIUM 

Excepting blood phosphorus (inorganic) the determination of the 
calcium content of the blood serum is the only analytical procedure 
necessary in studying the effects of parathyroid therapy either in man 
or animals There are many chances of error in this determination 
and to such an extent is this the case that many published reports 
on blood calcium are valueless because the various possibilities of 
error have not been eliminated The method which has been found 
most satisfactory in our laboratory is a purely empiric one being a 
slightly modified Tisdall-Kramer procedure (Clark and Collip (1925)). 
In order that uniform and entirely satisfactory results may be ob- 
tained it is necessary to adhere most rigidly to the prescribed tech- 
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Chart 16 Bos 340, o', 18 5 kilos Dog 344, cT, 12 5 Vilos Dog 354, o', 18 kilos— 
Ih^roparathypoideclomizcd Bog 361, o'', 10 laJos Dog 375, 11 kilos Bogs 340, 

314, 354, received 10 grams calcium lactate in 500 cc of ^aler at times indicated on cjiart 
Bogs 361 and 375 recaved 5 grams of calcium cWonde tn 400 cc of watcrat times indi- 
cated on chart 
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nique The manner of handling the blood specimen is also of equal 
nnportance Care should be observed to separate the serum from the 
sample, which has been allowed to clot spontaneously, as soon as 
possible Also, it is most important that the sample should not be 
chiUed (as by being temporarily placed in an ice chest) . If the sample 
cannot be dealt with at once it may be allowed to stand at room tem- 
perature for a few hours Chillmg of the sample causes a definite 
decrease in the serum calcium value 


Psratbvra3ectoaize3 Dag 355 



Chart 17 Dog 355, d', 22 5 kJos Showing effect of thyroparathyroidectomy upon 
the blood urea and non-protein nitrogen 


THE r6lE of guanidines IN PARATHYROID TETANY 

The writer is of the opmion that guanidine intoxication bears no 
relationship to parathyroid tetany It is admitted that Paton and 
his collaborators have made out a strong case for such a relationship 
and that this theory cannot be summarily dismissed There is now, 
however, so much evidence which is not in accord with the guanidine 
mtoxication theory that it is felt that this theory is no longer tenable. 

It has been claimed that the injection of guanidine causes a decrease 
m blood calcium (Watanabe, Sharpe, Gyorgy and Vollmer) Nelken 
and Salveson have failed to confirm this as have also Colhp and Clark 

Collip and Clark have observed guanidine intoxication in dogs coin- 
cident with parathyroid hormone overdosage No antagonism was 
demonstrated in these experiments between the parath3iToid hormone 
and guanidine 
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Vines (1923) devised a method of cstunaUng tlie degree of activity 
of parathyroid preparations which would appear to depend on the 
degree to which guanidine is destroyed White and Cameron (1925) 
lia\e recently applied Vines’ method to known potent parathyroid 
extracts and to certain other substances They siunmarwc their 
results as follows 


Vines’ mctliod for estimating the aclivilv of parathyroid preparations 
shows negligible activity when used with Collip’s active extract 


» 


Parafhyrdidectomized Oo tj 
Untreated sts 



Qiaei 18 Dor 348, o’, 24 Ulos Showing the cfTecl of thyropirathyroicicctomi 
upon the urea and non protein nitrogen of the blood 


Smec it appears to depend on the inhibiting influence of complex sub 
stances such ns arginine or nucleic acid dernatives on the precipitation of 
guanidine picratc, such results as have been obtained by Vines for animal 
tissues (using tins method) probably bear no relation to the function of 
those tissues 

In a recent communication Collip and Clark (1925) report on the 
nature of the urea and non-protcin nitrogen curx’cs for the blood of 
untreated parathyroidectomizcd dogs It xvas found that the urea 
and non-protein nitrogen curves run practically parallel throughout 
an experiment Just before death occurs, there may be slight devia- 
tion of the curves The curves fail to show any evidence of the accu- 
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Spontaneous tetany occurred thereafter at inegular inter\’als and uas 
rapidly controlled by the oral administiation of calcium lactate and the 
giving of enemas 

Salveson (1923) observed that dogs m a state of latent tetany, but 
showing no spnptoms, months after complete parathjnoidectomy still 
have a lovr serum calcium and a slightly elevated inorganic phosphorus 


26 ^ GaafZidme c<zthof2ate sahct/f 



Chvrt 20 Dog 552, cf. It tilos 2 6 gnims of guanidine carbonate iniected sub- 
cutaneously 

It has been observed m our own laboratory that certain parathy- 
roidectomized dogs which have been kept in a normal condition for 
SIX weeks or more by the daily mjection of parathyroid hormone will 
suffer no immediate ill effects from w ithdraw al of the treatment Such 
animals clet'elop tetany during periods of heat The blood serum 
calcium remains at a low level for an indefinite period Other animals 
cannot be kept free from tetany under smnlar dietary conditions 
(exclush e lean meat diet) unless the treatment is continued 
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A rational explanation of these observations is that accessory para- 
thyroid tissue is present in certain instances Salveson does not 
accept this xnew and states that if true parathyroid function Mere 
manifested the blood serum calaum should be restored to higher levels 
In the light of our own observations that the action of the parath 5 TOid 
hormone is quantitative, this cntiasm is not valid It is the writer’s 
opinion that in true latent tetany parathjnroid function is being mam- 
tamed to a degree and that in the absence of any parathyroid function, 
tetany on a meat diet is unavoidable In this latter condition life 
can only be maintained indefinitely by injections of the hormone or 
by other therapy designed to maintain tlie calcium and inorganic phos- 
phorus of the blood ivithin definite bounds (see legend figure 4 — 
dog 48) 

THE EFFECT OF DIET AND THE STATE OF NUTRITION UPON THE RESPONSE 
TO INJECTIONS OF THE PARATHYROID HOIOIONE 

Since dogs and cats are very sensitive to injections of the hormone, 
and rabbits, guinea pigs and rats are resistant to such injections, it is 
logical to suppose tliat the dietary habits of a speaes might influence 
the response to the parathyroid hormone In our own limited ex- 
perience changing the diet of dogs used in potency testing from lean 
meat to bread has had very htUe influence upon the response of these 
animals to mjections of the extract 
Maclcod and Taylor have observed that a very fat dog, which re- 
sponded very sluggishly to the hormone became verj' sensitive to it 
after its body fat had been reduced No doubt further investigation 
ivill show that tlicrc are many factors which can affect the response to 
injections of the active extract The nutritional condition is at least 
one factor whicli has tins effect 

PARATHYROID HORMONE, ULTRA-VIOLET LIGHT AND THE ANTI-RACHITIC 
VITAMINE 

It IS apparent tliat there is some fundamental relationship between 
the physiological effects of the parathjTOid hormone, of the action of 
ultra-violet radiations and of the anti-rachitic \ntamine That the 
action of the former is ujion calaum metabolism is proven It is a 
possibility that the latter two agents act upon phosphorus metabolism 
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Spontaneous telan} occurred tJiereafter at irregular intervals and vas 
rapidly conti oiled by the oral administration of calcium lactate and the 
giving of enemas 

Salveson (1923) observed that dogs in a state of latent tetany, but 
showing no sjnnptoms, months after complete paiath}Toidectomy still 
have a loiv seium calcium and a slightlj' elevated inorganic phosphorus 


Do <7 

26o GuaG/dfoe ca/'Jbofzate subcc/T 



Chart 20 Dog 352, cT, 17 kilos 2 6 grains of guanidine carbonate injected sub- 
cntancouslj 

It has been observed in our own laboratory that certain parathy- 
roidectomized dogs which have been kept m a normal condition for 
SIX wrecks or more by the daily injection of parathyroid honnone wall 
sufter no immediate ill effects from w'llhdraival of the treatment Such 
animals develop tetan\' during periods of heat The blood serum 
calciiun remains at a low level for an indefinite period Other animals 
cannot be kept free from tetaity under similar dietary conditions 
(exclusive lean meat diet), unless the treatment is continued 
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A rational explanation of these observations is that accessory para- 
thyroid tissue is present in certain instances Salveson does not 
accept this view and states that if true parath}'roid function nere 
manifested the blood serum calcium should be restored to higher levels 
In the light of our own observ'ations that the action of the parathyroid 
hormone is quantitative, this criticism is not valid It is the writer’s 
opinion that in true latent tetany parathyroid function is being mam- 
tained to a degree and that m the absence of any parath3T0id function, 
tetany on a meat diet is unavoidable In this latter condition life 
can only be maintamed indefinitely by injections of the hormone or 
by other therapy designed to maintain the calcium and morganic phos- 
phorus of the blood within definite bounds (see legend figure 4 — 
dog 48) 

THE EFFECT OF DECT AND THE STATE OF NDTEITION DPON THE RESPONSE 
TO INJECTIONS OF THE PARATnVEOID HORJIONE 

Since dogs and cats are very sensitive to injections of the hormone, 
and rabbits, giunea pigs and rats are resistant to such injections, it is 
logical to suppose that the dietary habits of a speaes might influence 
the response to the parathyroid hormone In our own limited ex- 
perience changmg tlie diet of dogs used in potency testing from lean 
meat to bread has had very little influence upon the response of these 
animals to mjections of the extract 
Macleod and Taylor have observed that a very fat dog, which re- 
sponded very sluggishly to the hormone became very sensitive to it 
after its body fat had been reduced No doubt further investigation 
will show that there arc many factors which can affect the response to 
injections of the active extract The nutntional condition is at least 
one factor which has this effect 

PARATHYROID HORMONE, DLTRA-X'IOIET LIGHT AND THE ANTI-EACHITIC 
VITAMINE 

It IS apparent tliat there is some fundamental relationship between 
the physiological effects of the parathyroid hormone, of the action of 
ultra-violet radiations and of the anti-rachitic \itaminc That the 
action of the former is upon calaum metabolism is proien It is a 
possibility that the latter tw o agents act upon phosphorus metabolism 
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It remains ho^ve^’■e^ for future research to give an adequate answer 
to this question 


GENERAL DISCUSSION 

The recent preparation and standardization of active parathyroid 
extracts and the study of their ph 5 ’’siological action has confirmed the 
theory of MacCallum and the more recent work of Salveson on the 
relationship of parathyroid function to calcium metabolism Al- 
though MacCallum and Voegtlin discovered the favorable effect of 
calcium in tetany in 1909, it has only been of late that completely 
parathyroidectomized animals have been kept in a normal state for 
long periods of time by vigorous calcium therapy The parathy- 
roidless animal loses the power to maintain calcium in the blood. 
Salveson has shown that this defect may be overcome by artifiaally 
forcing up the level of the blood calcium He has also demonstrated 
that this process must be more or less continuous since injected calcium 
leaves the circulation very rapidly and may be quantitatively re- 
covered in the excreta Greenwald^ (1925) finds that the parathyroid 
hormone admmistered to normal animals causes an increase m the 
excretion of calcium This may be directly due to the mcreased 
calcium content of the blood Calcium injected into the blood stream 
of tlie normal animal leaves the circulation very rapidly as Salveson 
has shov n and we have confirmed It is quite to be expected there- 
fore vhen the blood calcium is increased in a normal animal by the use 
of the hormone that there will be an increased excretion of this ele- 
ment The hormone must be looked upon essentially as a mobilizer 
of calcium The native production and liberation of the hormone in 
tlie normal animal must be just such as wall maintain a dead level of 
calaum in the blood stream Since it requires a mmimum of 15 units 
per day to keep a parathyroidectomized animal free from symptoms 
it IS probable that the daily production in the normal human subject 
would be at least three times this amount 

Recent blood chemistry studies in parathyroidectomized rabbits 
indicate that the role of phosphorus in tetany has not been sufficiently 
stressed (Collip (1925)). The inorganic phosphorus in this animal 


* Personal communication 
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increases enormously after removal of the parathyroid glands and 
tetany of the most marked type quickly develops (under thirty hours 
as a rule), and death follows shorUy thereafter Injections of para- 
thyroid hormone or even of calaum chloride may be of no avail once 
marked tetany has become manifested The blood calaum is found 
to be lowered just as in the case of the parathyroidectomized dog or 
cat These animals may still die after the calcium has been raised 
several milligrams per cent by injections of the parathyroid hormone 



Chart 21 Dog 374, o', 20 kilos Shomng effect of the subcutaneous injection of 
2 grams of mctbjl guanidine (sulphate) upon the blood urea and non protein nitrogen 
Death occurred on the third da> following the injection 


If treatment with the hormone is instituted immediately after tlie 
operative removal of the glands most animals may be maintained m 
a normal state for some days Death may occur suddenly, however, in 
certain of these animals and blood analysis may then show a jiractically 
normal calcium hut a markedly increased inorganic phosphorus con- 
tent (20 mgm percent) This increase m phosphorus is not due to the 
extract unless tlie parathyroidectomized rabbit bas some peculiar 
sensitivity to it which is not seen in the dog, because normal rabbits 
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are practically immune to any ill effects of parathyroid hormone over- 
dosage. Enormous dosage may cause marked increases m blood 
calcium values but phosphorus does not change materially Smce 
the urgent symptoms of overdosage with the hormone seen m dogs and 
cats are coincident ivith a falling calcium curve and a rising phosphorus 
cunfe, it is probable that these urgent symptoms are due more to the 
blood phosphorus change than to the high blood calcium Granted 
that this is true, then a rise in blood phosphorus would be the natural 

f^ormaf Do^. 35 9 (Dt.zoK 



Chart 22 Dog 359, c?, 20 kilos 2 5 grams of asymmetnc dimethyl guanidme 
(sulphate) administered as indicated on the chart Mild tetany uas manifested three and 
one-half hours after experiment n as started 


danger signal of overdosage rather than the blood calcium value It 
would also furnish a rational explanation of the difference in the toxic 
effect of the hormone in different animals 

Overdosage phenomena tn dogs stmulaled by meajis of inorga7iic salts 

In an endeavor to discover the cause of the characteristic phenomena 
manifested in dogs submitted to overdosage "with the parathyroid 
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hormone, certain inorganic salts have been injected intravenously 
into normal animals As a result of this investigation it may be 
stated that, by injections of calcium chloride and acid sodium phos- 
phate solutions, a condition very similar to that seen m the preter- 
minal state of parathyroid hormone overdosage may be produced 
Neither calcium chloride nor sodium acid phosphate solutions alone 
administered by intravenous injections have produced this effect 
Relatively enormous amounts of calcium chloride can be administered 

Dog 376 

500mg l//ea per A/Ip Ouheatageous 



CrrART23 Dog 376, 9, 8 kilos four grams of urea m 20 cc of ^^’atcr injected sub 
cutaneously Cuac shows subsequent effect upon blood urea 


by intravenous mjection if the injection rate is sufficiently slow Sal- 
veson has shown tliat injected calcium leaves the circulation vcr> 
rapidlj This has been confirmed but it has also been demonstrated 
that a blood scrum calcium content of approximately 20 mgm per 
100 cc IS borne well even when it is maintained (by artificial means) 
over many hours When tlic blood scrum calcium is maintained at 
tins level by repeated injections of calaum chloride the blood phos- 
phorus (inorganic) is increased but not to the extent seen in parathy- 
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roid hormone overdosage. Our results in this particular are in accord 
with those of Salveson. 

Binger has shown that the injection of eitlier neutral or basic phos- 
phate solutions lower blood calcium and induce tetany. Acid phos- 
phate solutions, however, did not produce tetany but did cause a de- 
crease in blood calcium values Tisdall (1922) obtained similar re- 
sults. We have found that phosphate mixtures adjusted to the pH 
of blood are well tolerated if calcium chloride is also administered in 
adequate amounts Under these conditions the blood calcium and 
blood phosphorus (inorganic) tend to be kept at much lower levels 
than when aad phosphate and calcium are administered No doubt 
in the former case both the injected calcium and phosphate are very 
rapidly disposed of as CaaPO^ 

Not only are the terminal symptoms of para th)Troid hormone overdos- 
age simulated by intravenous injections of calcium chloride and acid 
sodium phosphate but also the post-mortem findmgs are practically 
identical. There is marked congestion of the alimentary canal with 
diffuse hemorrhage through the mucosa into the lumen Micro- 
scopic sections of the wall of the stomach are practically mdistinguish- 
able from similar sections obtained from the tissue of an animal killed 
by hormone overdosage (Compare figures 2 and 3 ) 

One may conclude therefore that it is a combination of hyper- 
calcemia and hjqierphosphatemia associated with a condition of aci- 
dosis which kills The cause of the preterminal hyperphosphatemia 
in parathyroid overdosage in dogs and cats is not j'^et absolutely 
revealed Prolonged hypercalcemia in itself, may be the sole cause 
of the delayed hyperphosphatemia One cannot state with absolute 
assurance, however, that this is the only causative factor It would 
appear that the unequal response of different species in phosphate 
mobilization may be an explanation of the variable tolerance to the 
active extract as seen for example in the dog and the rabbit 

Oral adminisiraiion of calcium lactate m conjuncHoii loith subculaneotis 
injections of the parathyroid hormone 

Calcium tlierapy as an adjuvant in connection with treatment by 
means of the parathyroid hormone has been deliberately avoided m 
all the earlier v ork with the active extract This as done in order 
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that the merits of the honnone might be proven Now that this has 
been done, it would seem obvious that a rational therapy should con- 
sist of a combination of calcium given by the oral route and of the 
active extract given by subcutaneous injection The effectiveness of 
tlie hormone is greatly enhanced when calcium lactate is gi\en per os 
Animal experimentation has show n that there may be an element of 
danger in the oral administration of calcium lactate Thus w e have 
observed most profound hypercalcemia resultmg m death in a period 
of fi\e hours as a result of the oral admmistration to a fasting dog 
of 10 grams of calcium lactate at intervals of one hour In this ex- 
periment the drug was administered by the use of the stomach tube 
and considerable water was used as a vehicle The blood serum cal- 
aum and the whole blood inorganic phosphorus curves obtained m 
this experiment are shown in chart 15 With the development of the 
condition of hypercalcemia the blood became very viscous and the 
final sample was so viscous that only 1 cc of serum was obtained from 
20 cc by the use of a high power centnfuge At death the stomach 
and intestine were hyperemic but hemorrhage had not occurred into 
the lumen 

This remarkable result is attributed to the filling of the ahmentarj' 
tract with a solution of a soluble calcium salt Absorption would 
thereby be facilitated in the upper and excretion inhibited in the lower 
part of the intestine Attempts to duplicate this experiment have so 
far failed The usual effect of repeated oral administration of calcium 
is shown in chart 16 

This latter result stands m marked contrast to those obtained by 
the feeding of the lactate in solid form along with meat or by the in- 
travenous injection of a solution of calaura chloride and the simul- 
taneous injection of a moderate dose of the hormone (Sec charts 
12 and 13) 

Dr Aub' has observed tliat certain human subjects showing only 
slight response in the blood serum calcium on 50 units of extract per 
diem developed scrum calaum values as high as 19 mgm per 100 cc 
when calaura lactate was added to the diet 

It IS therefore evident that, by the intelligent use of i combination 

“ I’cr-onal communication Quoted b) courtc^ of Dr Aub 
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Chart 24 Post-operati\e hj-poparathyroidism treated with parathyroid hormone 
and calaum 1 ictatc as indicated on the chart An excellent chmeal result was obtained 
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of calcium therapy and injections of the parathyroid hormone, calcium 
metabolism can be influenced just as surely as sugar metabolism is 
influenced by msuhn 

Do^ 382 ^ (Mt 18 6 Ht/os 
Parathyroid kormoae Oicrdosaye 



Chart 25 Shossmg the effect of parathyroid hormone o\crdosagc upon U\c COj 
content of the scrum, the scrum calcium nud whole blood inorganic phosphorus Tlie 
rate of orcretjon of phosphorus and ammonia in the unne and the titratablc acidity 
are also illustrated Note that tlicrc is almost complete cessation of ladnc> function m 
the latter part of the erpenment It is in this period that phosphorus, urea and non- 
pTOtem nitrogen increase in the blood The pH of the scrum ma> increase \cr> shghtU 
during the first half of such an etperunent In the last few hours just prior to dcatli the 
pU is marhcdl> decreased 
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The paratJiyioid hormone as a useful therapeutic agent 

SufEcient clinical investigation vntli the active parathyroid extract 
has now been carried out to indicate that it will have a very definite 
place in the therapeutic armamentanimi It will be of greatest value 
no doubt in those cases in which a condition of hypoparathyroidism 
exists Post-operative tetany and infantile tetany are generally 
recognized as belongmg in this class Recent researches of Scott, 
Ashford, \^rhite and Fleming and others would seem to disclose a con- 
dition of hypoparathjToid function m tropical sprue Further work 
may show that certain other condibons may be comphcated by a mild 
hypoparathyroidism The use of the hormone would appear to be 
definitely indicated as yet only in those cases in which hypoparathy- 
roidism exists 

As calcium enters into the mechanism of so many physiological 
processes, it is possible that dmical research will later mdicate that 
it is desirable under certam defimte circumstances to produce a state 
of mild 115^)01 calcemia 

A number of cases of hypoparath3n:oidism in which the hormone has 
been successfully used have been reported 

CoUip and Leitch reported a case of tetany in a young child suc- 
cessfully treated vith the parathyroid hormone 
Davidson has reported the use of the active extract in a case of 
clironic tetany associated Avith myxedema and nephrosis 
Crile has reported the successful use of the active extract m a 
number of cases of post-operative tetany 
SneU has reported a case of chronic post-operative tetany treated 
with calcium and the parathyroid hormone The dosage of each was 
so adjusted in this case that neither agent alone would maintain the 
level of blood calcium -within normal limits, while combmed, the 
desired result was obtamed 

Lisser has treated a case of post-operative tetany with the hormone 
with excellent results 

Colhp and Blais have recently treated a case of post-operative hypo- 
parathyroidism of unusual type A most satisfactory result was 
obtained The blood chemistry of this case is shown m chart 24 
Petty, Stoner and Schaffer have used the hormone in a number of 
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very carefully controlled cases and report on the spcafic eiTect of the 
extract jn the mobilization of blood serum calaum 

Numerous unpublished clinical reports have been furnished to 
me through the kindness of many clinicians in vanous parts of the 
continent, who have been using the extract in an experimental manner 
The results in general corroborate entirely the experimental results 
obtained in the laboratory 

Experimental clinical work is now being carried on in conditions 
other than hypocalcemia As results are obtained they wiU be 
published 


RCrERENCES 

Abel, J J , alt) Geiung, T M K J Phann and Erp Thcr , 1925, , 423 

Earxeb, L Endocrinology and Metabolism, New Yort, 1922, \o! i, 577 
Barker, L anp SpRdnt Endocnnologj, 1925 

Berkelei, W N , and Beebe, S P J Med Research, Boston, 1909, *x, 149 

Berman, E Proc Soc Exper Biol and Med , 1924, xxi, 465 

Bledl, a The Internal Secretory Organs, New \osl., 1913, 56 

BD.OER, C J Phatm and Exper Thcr , 1917-18, x, 105 

Bldmenstock, j , AND ICKSTADT, A J Biol Chcni , 1924, Ui, 91 

BoRCirERS, E Zentralbl f chir , 1919, xlvi, 907 

BptGos, A P J Biol Chem , 1922, Im, 13 

Cameron, A T, and CARMicitAEL, J (a) Trans Roy Soc Can , 1922, xii. Sect V, 
57 (b) Trans Roj Soc Can , 1925, xix, Sect V 53 
Caiteron, a T , AND MooREnoDSE, V H K (a) J Biol Chem , 1925, Ixrii, 687 (b) 

Trans Roy Soc Can , 1925, rax, Sect V 39 
Campbell, J A J Phjsiol , 1925, Ic, 347 

Clark, E P , and Colltp, J B (x) J Biol Clicm , 1925, Iran, 451 (b) J Biol 
Chem (m press) 

COLtar, J B (a) Amcr J Physiol , 1920, hi, 483 (b) Can Jled Assoc Joum , 1920 

(c) J Biol Chem , 1925, Ixiii, 395 (d) \raer J Physiol , 1925, Ixrai, 182 

(e) Proc Nat. Acad Sc , 1925, n, 481 ([) International Clinics, 1925, iii, 

77 (g) Annals Oin Med, 1925, ix, 219 (h) Proc Eed Amcr Soc 

Exper Biol , Clex eland Meeting, 1925 
CoLLip, J B , and Bacpds, P L Amcr J Physiol , 1920, li, 568 
COLup, J B , AND Clark, E P (a) Trans Rox' Soc Can , 1925, xii. Sect V, 25 (h) 

J Biol Chem , 1925, Irax, 485 (c) J Biol Chem , 1925, Iran (d) Proc 

Amer Soc Biol Chem , Ciexcland Meeting, 1925 
CoLup, ] B , Clark, E P , and Scott, J \V J Biol Chem , 1923 Iran, 439 
COLUI.J B , AND tErrcit, D Can Med <\ssoc Joum 1925, xx, $9 
CowDRv, E V Endocrinology and Metabolism, Nexv Yorl and London, 1922, xol i, 
501 

Crilk, G W Endocnnologx, 1925, ix, 301 
Daxtdso ), J R Can Med Soc , 1925, xv, 803 


WtOinKt, tOL. V Ko 1 



56 


J. B. COLLIP 


DriVgstedt, L R., and Peacock, S C Amer J Physiol , 1923, ki\ , 424 
Eiselsberg, a Fcstsch f Billroth Stuggart, 1892 Quoted from Biedl Internal 
Secretory Organs 

Euas and Spiegel, Wien Arch f innere Med , 1921, ii, 447 
Elias, and Weiss Wien Arch f innere Med , 1922, iv, 59 
Findlaa and Sharpe Quart J Med , 1920, xliii, 433 
Fisher H F , and Larson, E Amer J Physiol , 1925, Ixxvf, 93 
Frank, Stern and Noxthmann Zeitsch f ges exp Med , 1921, xxiv, 341 
Gley, E (a) Compt rend soc de biol , Pans, 1891, ni, 551, 841, and 843 (b) Gaz 

Med de Pans, 1892, i, 464 

Grant, S B , and Goldman, A Amer J Physiol , 1920, In, 209 
Greenwald, I (a) Amer J Physiol , 1911, xxnu, 103 (b) J Biol Chem , 1913, 

niv,363 (c) j Biol Chem, 1922, Lv, 285 (d) J Biol Chem , 1924, hi, 33 

Gy ORGY AND Vollmer Arch f exp Path u Pharm , 1922, xcv, 200 
Halsted, W S j Exper hied , 1909, xi, 175 
Hanson, A M Mil Surg , 1924, liv, 79, 218 and 554 
Harrop, G a , Jr BuU Johns Hopkins Hosp , 1919, xxx, 62 
Hjort, a M , Robison, S C , and Zendick, F H J Biol Chem , 1925, hv', 117 
Joseph, D R , anti Meltzer, S J J Pharm and Exp Ther , 1911, n, 271 
Koch W F (a) J Biol Chem , 1912-13, xii, 313 (b) Ibid , 1913, w, 43 

Kohn, a Arch f mikv Anat Bonn, 1895, xliv, 366 
Kramer, B , anti Tisdall, F F J Biol Chem , 1922, hii, 241 
Krayier, B , Tisdall, F F , and Howland, J Amer J Dis Child , 1921, xxii, 431 
Kussmaul, a Berlin khn Wchnschr , 1872, lx, 441 
Lisser, H , ANT) Shepardson, H C Endocnnology, 1925, ix, 383 
Loeb, j Amer J Physiol , 1901, v, 352 
Lhckhardt, a B , and Bldyienstock, j Science, 1922, Ivi, 257 
Luckhardt, a B , ANT) CoMPERE, E T Proc Soc Exp Biol and Med , 1924, \\i, 523 
Lhckhardt, A B , ant) Goldberg, B J Amer Med Assoc , 1923, kxx, 79 
Luckilvrdt, a B , ANT) Rosenbloom, P j (a) Proc Soc Exp Biol and Med , 1921- 
22, )ax, 129 (b) Science, 1922, Ivi, 48 and 257 

hlAcCALLUM, W G (a) J Amer Med Assoc , 1912, lix 319 (b) Medicine, 1924, 

ill, 137 

jMacCaliuyi, W G , Layibert, R A , ant) Vogel, K M J Exper Med , 1914, xx, 149 

hlAcCALLDYi, W G , AND VoEGTUN, C J Exper hied , 1909, XI, 118 

hlACixoD, J J R , ANT) Tayt,or, N B Trans Roy Soc Can , 1925, xix, Sect V, 27 

hIcCANN, W S J Biol Chem , 1918, xxxv, 553 

hloRRis, — Brit J Exper Path , 1922, iii, 209 

hloDSSU, G Compt rend Soc de biol Pans, 1897, 10 s , iv, 44 1898, 10 s, y^, 867 

NxVttrass ANT) Sharpe Bnt hied J , 1921, ii, 28 

Nelken Zeitsch f die ges exp hied , 1923, xxxii, 343 

Nicholas ant) Smtngle J Anat , 1925, xxxiv, 469 

Palladin ANT) Geiuche Biochcm Zeitsch 1924, cxlxi, 450 

Paton, N Edinburgh hied J , 1924, p 541 

Petty, O H , Stonier, W H , ant) Shafeer, H W Report to the Philadelphia Countx 
hied Societj, October 28, 1925 

Ray'nard Comptes rendus des trayaux de I’Ccole royalc xCtinnaire de Lyon pendant 
I’anndc scolaire, 1834-35 Rec de med x’Ct Lyon, 1836, \iii, 8 Quoted 
from Sutherland Simpson Endocnnology and hletabolism 1922, i, 510 



PARATnyROID glands 


57 


Rona, P , Pi:tow, H , and Wmi ower, E Biochcm Zcitsch , 1924, cl, 468 
Saiveson, H a (a) J Biol Chem, 1925, In, 443 (b) Acta Mcdica Scandinanca 

Supplementum, n, 1923 

SandstrOm, J Dpsala laLarefor forh , 1880, xv, 44 

SciUFF, J M (a) Untersuchungen Juber die ZucLerbildung auf die Erzeugung Wtirtz- 
buig , 1895, Stohel vi, 156 (b) Aub f erper Path u Pharm Leipzig, 

1884, xnii, 25 (c) Rev med de la Suisse rora Genev'a, 1884 Quoted from 

Endocrinology and Metabolism, \ol i, 425 
Scott, H H Lancet, 1925, i, 620 
SvEix J Amer Med Assoc , 1925 

Tiixston, W Quoted by Palmer \V W and Van Slyke, D D , J Biol Chem , 1917, 
ixxii, 499 

Tocavv — J Lab and Chn Med , 1920, v, 299 

UNDERmrx, r P , AND Blatteewick, nr (a) j Biol Chem , 1914, xmi, 87 (b) 

J Bio! Chem , 1914, xix, 119 

\assale, G (a) Arch ita! de Biol , 1898, xxx (b) Arch ital de Biol , 1905, vlui, 177 
\'assale, G , AND Generau F Arch ital de Bio! , 1900, xsxiu, 154 
\iNCENT, S , AND JoLL\, W A J Phvsiol , 1905, Txxii, 65 J Physiol , 1906, wxu, 
295 and 305 

\tes, H W C (a) J Ph>sio! , 1921, Iv, 209 (b) Bnt Med Joum , 1923, ii, 559 
Watanade, C K. j Biol Chem, 1918, xxxvi, 531 

WiriTT, r D , AND Caiieron, A T Trans Roy Soc Can , 1925, xix, Sect V, 45 
Wilson, D W , Sterns, T , and TnuRtow, M J Bio! Clicm , 1915, Txm, 89 




PRESENT KNOWLEDGE OF FILTERABLE WRUSES 


W G MacCALLXJM 
Baltmoret Maryland 

As all have realiaed in attempting to review this obscure subject 
the first difficulty lies in deading ivhat diseases are to be considered 
Any survey of the progress of our knowledge through the last forty 
or fifty years will show that during this tune w c have made enormous 
strides m emerging from that rather cloudy state of ignorance which 
prevails when w e have succeeded m delimiting diseases merely on the 
basis of their clinical course even when supported by a knowledge 
of their patliological anatomy This progress is due in each instance 
to the recognition of the aetiological factor and in the case of an 
infectious disease we must not only see the living cause of the disease 
but we must learn its zoological or botanical relations and its whole 
life history In the course of these years we have learned all this 
about a host of bacterial and protozoan infections and have come to 
understand completely the part played by more highly organized 
animal and plant parasites 

More recently we have realized that there are other groups of 
organisms which live as parasites and cause disease, but of the sys- 
tematic position and of the life history of these we are less w ell in- 
formed Such arc the spirochactcs which w'e cannot yet classify 
with absolute certainty either with lowly plant or animal forms 
While we know a great deal about the life history of some of them, 
we are still much in the dark about others and it is a little disturbing 
to find Uiat some are transmitted by ticks or mosquitoes while others 
are not dependent upon such carriers It does not seem probable 
that any essential part of the cycle of their development takes place 
in these intermediate hosts but rather that they arc mechanically 
transferred much as tlie plague bacillus is transferred by fleas At 
this point It may be said tliat the part played by such insect carriers 
seems to be different in dilTcrtnt diseases and it is impossible to con- 
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dude from the knowledge that a certain disease, such as dengue, is 
transmitted by mosqmtoes, that it is caused by a protozoan or a 
spirochaete The precise relation of many of these organisms to 
their intermediate hosts or carriers remains to be worked out 

Another group of organisms which we are only begmning to know 
IS that of the Rickettsias These minute granule-hke bodies occumng 
often m great masses mthm cells, often extracellular, are usually 
parasites or commensals m msects Their systematic relations 
are by no means established and httle is known of their hfe history 
They do not pass through a filter but are transmitted to man and 
animals by their insect host, causing such diseases as typhus fever 
A third group also of minute granule-like organisms which w’lU only 
exceptionally pass through a filter and of which we know nothmg more 
as regards the life history, is recognized only because they cause such 
diseases as smallpox 

After this it becomes exceedingly difficult to group together on any 
rational basis the aetiological agents of the many remaining infectious 
diseases of which we have a still more unsatisfactory knowledge 

Most of these diseases seem to be caused by some hvmg creature 
so small as to pass readily tlirough a porcelain filter which wiU hold 
back bacteria and other relatively bulky organisms They must be 
very small but it is impossible to think of filterability through a 
Berkefeld or Chamberland filter as a satisfactory basis for classifica- 
tion so that the title of this paper becomes imsleadmg For no two 
filters are equally permeable, and many external circumstances 
modify their permeability Pressure, the degree of dilution of the 
fluid to be filtered, its %ascosity, the presence of viscous sediments 
which may clog the filter, the possible existence of various stages 
m the development of the organism with corresponding differences 
in size and consistency, — aU these thmgs affect the passage of organ- 
isms Indeed, Dr Holman has shown that the slightest smearing 
of a filter wuth oil ^vlll make it permeable All this is of great interest 
in the case of such organisms as pass wuth difficulty through filters — 
for example, tliose of smallpox and vaccinia wffiich seem to have been 
driven tlirough filters by some mvestigators although it w^as evident 
tliat but few of them went tlirough and only when the material w as 
greatly diluted and freed of viscous impurities. 
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On the other hand there are many diseases the living \irus of 
which posses readilv and in full strength through every kind of porce- 
lain filter Of these there are some in which it is easy to demonstrate 
this fact because the disease can readily be reproduced by the inocula- 
tion of the clear filtrate but there are others, severe or fatal diseases 
of human beings, which have every appearance of being of the same 
nature in which filterability of the virus has not been demonstrated 
probably because no other animals are susceptible and no one has 
ventured to inoculate human beings Rheumatism is apparently 
such a disease 

The list of these diseases is a rather long one and one group seems 
to be set apart because of the predominant mvolvemcnt of the central 
ncrv'ous system in which there are produced profound destructive 
changes This group includes poliomyelitis, encephalitis lethargica, 
herpes, rabies, distemper of dogs and probablj other diseases such as 
Borna’s disease of horses But in spite of the similarity of the path- 
ological changes, it is by no means certain that the causative agents 
are intimately related 

We have no good basis for grouping such diseases as equine dis 
temper, African horse sickness, fowl pest, foot and mouth disease, 
hog-cholera, rinderpest, influen/a, mosaic disease of tobacco and 
other plants, infectious anaemia of horses and infectious leukaemia 
of fowls, nor do we know where to class the pleuropneumonia of cows 
and of horses, measles, scarlatina, dengue, rheumatism, verruga, 
mumps, molluscum contagiosum, warts and trachoma There are 
ten or twelic other diseases of local occurrence which are equally 
difficult to classify alUiough it is known that they arc produced by a 
filterable virus 

In many of the diseases mentioned there arc curious inclusions in the 
affected cells either m the cytoplasm as in smallpov, vaccinia and the 
related mfcctions and in rabies and trachoma, or in the nucleus as m 
herpes Much attention has been concentrated upon these but al- 
though their presence is recognized as constant and speafic for cadi 
disease so that thc> have a great diagnostic importance, there is no 
real Inowlcdge of Oicir nature WTulc some hold them to be a part 
of the life cjde of the parasite, others maintain as stoutly that they 
are merely the result of degenerative dnngcs in die cj'toplasm or 
iiudeoph'm of the cells 
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Morphological studies after all have been of relatively little value 
in the attempt to unravel the nature of these peculiar diseases Culti- 
vation of the parasites has almost always failed — the viruses of pleuro- 
pneumonia of cattle, poliomyehtis and vacania are almost the only 
exception and m those it has succeeded only after the most extra- 
ordinary efforts Separation of the virus by filtration and the trans- 
mission of the disease by inoculation is the mam procedure m these 
investigations and this depends upon the availabihty of susceptible 
animals Of course when the same species can be used it is a simple 
matter but when the virus must be inoculated into some other animal 
difficulties are encountered not only because of the new medium in 
which the character of the virus may suffer a profound change, but 
because of the confusion often produced by the spontaneous occurrence 
in the test animal of some other virus, independent, but similar to that 
inoculated 

The testing of the immune reactions produced in these diseases 
has frequently thrown light on the specific relation of the virus to the 
disease although this is usually limited to the observation of the pro- 
tection of actively and passively immunized animals agamst the 
inoculation, and of anaphylactic reactions in immune animals 

Of the whole list, if we except the Rickettsia infections and the 
smallpox group m which the recognizable infective agents are still 
on a rather precarious basis, there is not one m which we have satis- 
f3dng knowledge of the organism and its life cycle Poliomyehtis is 
doubtless best known of all — from the work of Flexner, Lewis, No- 
guchi, Amoss and others it is known that this is a virus which can be 
inoculated into monkeys, producing the disease and can be isolated 
in a water-clear filtrate in which nothmg can be seen but which is still 
potent to produce the disease, and can even be cultivated in visible 
form upon media contaming fresh tissue 

Pleuropneumonia of cattle seems to be caused by a minute organism 
named by Nocard and Roux, Asterococcus mycoides, which can be 
cultivated m various media and will reproduce the disease. But 
after this in a list of perhaps forty diseases nothing is known of the 
nature of the organism except that it vuU go through a filter It 
seems a poor record after all these years of effort and in spite of the 
outpouring of an oppressive amount of literature, that so very httle 
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should be known with certainty Progress has been made m the 
study of Rickettsia infections, of the pohomj elitis-encephahtis-herpes 
group and to a less extent of the smallpox-vaccmia group, and these 
we may discuss with some mention of the recent studies of scarlet 
fe\ cr, measles, influenza, rheumatism, etc , among the human dis- 
eases 

Yellow fever is almost universallj regarded as settled in the light 
of Noguchi’s discovenes, but one is still curious about the difficulty 
m finding the leptospira, its intimate relation with the leptospira 
icterohaemorrhagica which is so often present in rats m the places 
where yellow fever is found, and especially about the obligate relation 
of the infection to one speaes of mosquito and the penod of tw elve 
days which must elapse before the mosquito w hich has bitten a j ellow 
fever patient can infect another person All of these things seem 
far more compatible wnth the idea that yellow lever may be caused by 
some organism spccificallj related to the Stegomyia and like malaria 
completing part of its life cycle in the mosquito 

RICKETTSIA INFECTIONS 

It seems fairly clear from the work of Ricketts, da Rocha Lima, 
Prowazek, Jungman, Wolbach, Palfrcj and Todd, Wcigl, Kuezynski, 
Cow dry, Scllards, Nagayo and others, to mention onlj' the most 
familiar names, that these peculiar organisms are directly concerned 
m the production of several diseases Rickettsia prowazeki, trans- 
mitted by lice, seems to be clearly shown to be the cause of tj-phus 
fe\er, it is an intracellular parasite in the intestinal epithelium of the 
lice whidi hai e fed on a person ill of typhus How it is transmitted 
to the next person is not clear except that such lice by bitmg a normal 
person can transmit the disease whether by the actual bite or b> the 
infection of this puncture wound with their faeces The organism 
IS found in the endothelial cells of capillaries in persons dyang of tjqihus, 
it is not filterable and has been cultnated only m growing tissue m 
Mtro by Wolbach and in these cultures it sumves and multiplies 
only so long as tlic tissue remains aliic Immunological relations, 
such as agglutinin formations, arc rather specific and protection is 
obtained in guinea pigs inoculated with Rickettsia prowazeki against 
inoculation of typhus blood 
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Trencli fever, or WoUiynic fever, is apparently caused by another 
Rickettsia which is extracellular in the louse intestine Strong 
found a filterable virus in cases of trench fever which is opposed to 
this, but there is much evidence (Bacot, Jungman, Topfer and others) 
that the presence of Rickettsia quintana, or Wolhynica or pediculi 
in the body of the lice is a specific result of feeding on trench fever 
patients and that their infectivity depends on this 

Rocky hlountain spotted fever is clearly shown to be due to an 
allied form, Dermacentroxenus nckettsi which is transmitted by a 
louse, Dermacentor venustus The organism is not filterable but has 
been cultivated or at least maintained in tissue cultures of testes in 
\dtro (Wolbach and Schlesinger) 

Cowdry has shown that the heart-w'ater disease in sheep is definitely 
caused by Rickettsia ruminantium w'hich is transmitted by Ambly- 
omma hebraeum (a tick), and quite recently SeUards, Nagayo and 
others have found a Rickettsia in Tsutsugamushi disease which is 
pathogenic for gumea pigs and monke5^s and transrmtted by the mite 
Trombicula akamushi 

On the whole it appears that w'e may regard this as a group of infec- 
tions, not, it is true, caused by a filterable virus but difficult of study 
and obscure, and therefore mentioned here because this is practically 
the definition of our subject rather than filterabihty It is good that 
such satisfactory progress has been made in clearmg up these diseases 
and Avith these examples before us there seems little doubt that the 
further exploration of the relations of this type of organism which 
seems to be widely represented in msects at least, may be fruitful 
and relatively easy 

THE SMALLPOX-VACCINIA GROUP 

Although, of course, these diseases have been practically well known 
for ages and are readily transferable and have furnished us with our 
first classical idea of artificial immunity, the nature and life history of 
the organisms are but little understood That the organisms are 
ver}’^ mmute is w'ell known, that they are really readily filterable is 
very doubtful Some authors have succeeded in driving vacane 
through filters — others have failed, and m the most successful attempts 
the quantity of the virulent material has been greatly reduced The 
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organism of vacania has been cultivated m living tissue cultures in 
vitro but not otlieriMse Its increase has been shonn by the more 
profuse effects upon animals (Stemhardt and Lambert), or by the 
calculation of dilution and time of maintenance It is evident that 
if a tissue culture inoculated nith a minimal amount of vaceme, per- 
haps even less than is necessary to infect a rabbit’s cornea, is trans- 
ferred many times throughout a long period in the incubator ivhich 
would in itself be enough to kill the virus, and is then found abundantly 
able to infect the rabbit’s cornea, the virus must have increased 
greatly (Parker and others) Proivazek, Aragao and Beaurepaire, 
Paschen, Gins and many others have recognized minute granules in 
v'acane and all have observ'ed the inclusions (Guarnieri bodies) in tlie 
cpithehal cells MacCallum and Oppenheimer have separated the 
granules from the rest of the vaccine by differential centnfugalization 
and in work now going on Oppenheimer has washed these granules 
free of all adherent material and found them infective and Craciun 
and Oppenheimer have been able to cultivate the washed granules 
in tissue cultures for many generations 
Doubtless all this will hold true for the closely allied affections — 
the milder forms of V'ariola, alastnm, etc , horsepov, goatpov, swine- 
pox, sheeppov, which seems of all these the most independent disease, 
and finally the fowlpox or epithelioma contagiosum of fowls But 
it leaves us ignorant of the systematic position of tliese minute gran- 
ules and of most of their bfc history, even of their relation to the 
cellular inclusions which are so characteristic Nevertlieless, the 
progress of late years is very defimte and promises rapid advances 
in the near future Varicella, or chickenpov, has always been ranged 
with these diseases and it is quite possible that it belongs here although 
as will be related, attempts have recently been made to align it with 
another group— that of herpes 

POLlOilVELITlS, FNCEPlIALlTIS, lIFRPES GROUP 

llie most intense interest has been concentrated upon thc'c dis- 
eases reccntlj because of their wide and fatal epidemic occurrence 
The study of poliomjclitis is now set aside as practicall> completed 
and httk ne\ work has appeared in recent j cars The main points 
have already been referred to and it seems that watli practically com- 
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plete knowledge of the clinical symptoms and the anatomical changes, 
and with the demonstration of a filterable virus capable of reproducing 
identical conditions in monkeys and of being cultivated in artificial 
media, the comprehension of the disease should be satisfactory. But 
we cannot see the organism ordinarily, except m the form of globoid 
bodies in mcubated tissues and m cultures and since we know little 
of the relation between these granules and the mvisible \drus in the 
water clear filtrate which is yet so potent, it can hardly be said that 
we understand the life history of this organism But then we might 
say that it is possible that w^e are equally in the dark about the whole 
life history of the most familiar pathogenic bacteria 
With regard to encephalitis lethargica we now know well the chn- 
ical course and the pathological anatomy but we are entirely ignorant 
of the nature of the causative agent. It is true that various authors 
have announced the discovery of a virus which can be transmitted to 
animals such as rabbits, but the evidence is unsatisfactory Strauss, 
Hirschfeld and Loewe transmitted the disease to rabbits very readily 
and were supported by Thalhimer Levaditi and his coworkers also 
succeeded in producing encephalitis in one rabbit by inoculating 
material from the brain of a person dead of encephalitis and m another 
by inoculating nasal washmgs, and all their subsequent work has been 
with these two viruses Doerr and his associates have secured another 
virus in the same way. But all of these are open to critiasm chiefly 
on account of the discovery by Gruter, Loewenstein and others that 
the virus of herpes simplex is very readily inoculated into rabbits 
and produces in them a fatal encephalitis This has been confirmed 
and studied by so many investigators that it is perfectly established 
and Lipschutz has described a specific intranuclear inclusion which 
is characteristic of herpes lesions There is no difficulty in transmit- 
ting herpes to rabbits, but enormous difficulty in transmitting en- 
cephalitis lethargica Some writers, such as Bastai and Busacca, 
even find the herpes virus in the blood and cerebrospinal flmd of 
persons who are subject to herpes but are at the time m an interval 
without any actual herpes, and say that in such people any slight 
disturbance is capable of produang a local herpetic skm lesion This 
is denied by Lipschutz but it is at least enough to suggest that persons 
witli encephalitis might sometimes harbor the \*irus of herpes wffiich 
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would account for the rare examples of successful inoculation of 
rabbits 

The course of herpes smiplex infection has been mmutely and satis- 
factonly studied by Goodpasture and Teague who show that the 
virus wanders rapidly along the nerves, choosing as its path the axis 
cylinders and kept in place by the myclm sheaths, spreads out only 
upon reaching a ganglion or the central nervous system Short of a 
knowledge of the morphology and life cycle of the herpes virus, this 
seems fairly satisfactory but the easy recovery of this virus from 
occasional non-encephalitic cases such as that of Flexner and Amoss, 
and the extraordinary difference between the curves showing the 
effect of inoculation of encephalitis material on the one hand and of 
herpes material on the other, into rabbits (Ford and Amoss), make 
one suspect very strongly that all of the so-called viruses of encephalitis 
are really accidentally recovered herpes virus This seems a far 
safer conclusion than that ventured by some that the viruses of 
encephalitis and herpes are identical, and it is preferable to concede 
that as yet we know nothing of the cause of encephalitis All of this 
has been clearly brought out by Flexner 
In the course of all this groping toward the herpes virus and that of 
encephalitis, great confusion has been introduced by findmg in the 
rabbit, the common experimental animal in every laboratory, a spon- 
taneous infection which causes a sort of encephalitis Many have 
now w-ntten descriptions of this organism which is very common m 
rabbits and which has been classed as a form of microspondium 
Except that It must be recognized to avoid confusion, it has no further 
interest here Levaditi has named it Encephalitozoon cuniculi 
Nearly related to herpes simplex m our minds is herpes zoster, and 
beginning with the paper of Bokay tlicre has sprung up the idea that 
this too may be a transmissible disease produced by a filterable virus 
and also affecting the nerve and related ganglion Sucli an idea is in 
every way acceptable although combated by many clinicians who feel 
sure that herpes zoster arises as a secondary effect after many diseases 
(Comby) It is extremely difficult to transmit herpes zoster to ani- 
mals although a few, such as Lipscliutz, Marinesco and Draganeroo 
report positive results Lugcr and Lauda thought they proauced 
herpes simplex encephalitis by inoculating herpes zoster material arc! 
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Cole and Kuttner in their recent studies were quite unable to transfer 
herpes zoster at all At least it seems immeasurably more difficult 
to transmit to animals the virus of herpes zoster than that of herpes 
simplex and it is doubtful that it has ever been done — once more 
because of the chance of the accidental presence of herpes simplex 
virus which might give an illusory success But the most interesting 
thmg is that Bokay thought that inoculation of herpes zoster might 
be followed by the development of varicella or chickenpox and ^nce 
versa This has been discussed by a great many, especially in France 
v/here Netter and Urbain stoutly maintain that varicella and herpes 
zoster are only different expressions of the same infection Clinicians 
such as Comby are equally forceful m mamtaming the complete 
independence of the two diseases Lipschutz and Kundratitz have, 
they say, transmitted herpes zoster to children in whom it often 
spreads into a general vesicular eruption like chickenpox, easily 
transmitted to other children by contact as chickenpox Children 
who have had varicella are refractory to the inoculation, and those 
who have been successfully inoculated are immune from chickenpox 
Even the serum of convalescents from herpes zoster is said to be pro- 
tective against varicella But Lauda and Silberstern deny this and 
fail to confirm the cross complement deviations of Netter with the 
serum of zoster patients and varicella antigen 

From all this it is difficult to draw any certain conclusions It 
seems quite clear that herpes simplex is caused by a definite filterable 
virus transferable to rabbits m which it produces fatal encephalitis, 
and there are suggestive fragments of evidence that it is very wide- 
spread and may even exist coincidentally with other infections, and 
thus lead to confusion when susceptible animals are inoculated from 
encephalitis or other diseases But it is by no means easy to feel 
convinced by any of the experimental studies which appear to demon- 
strate the causative agent of encephalitis lethargica Whether herpes 
zoster is a separate disease caused by a virus distinct from that of 
herpes simplex is quite uncertain but it seems to be so because it is so 
difficult to transmit it to rabbits which are so susceptible to infection 
mth herpes simplex That it has any special relation to chickenpox 
rests almost entirely on circumstantial evidence and seems at least 
improbable But none of this complex field is ripe for discussion 
and we must await the results of much more experimental study. 
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In this group there belong perhaps the enzootic encephalitis of 
horses (Boma’s disease), described by Moussu and Marchand as 
caused by a filterable virus infective for the rabbit and producing 
in that animal as n ell as in the horse, a fatal encephalitis Whether 
distemper in dogs with its well recognized lesions in the central 
nervous system is due to such a virus or really to the filterable bacillus 
bronchiscpticus remains an open question (Roman and Lapp) 

It may perhaps seem strange and improper to group rabies with 
this class of diseases too, but m its general behavior it seems to me 
clo5cl> related Nothing neiv has been discovered about rabies 
unless It bo the suggestion of Manouelian and Viala tliat the Negri 
bodies represent a stage in tlie cycle of a microsporidian analogous 
to that described by Lcvaditi as Encephalitozoon cuniculi 

OTHER DISEASES CAUSED BY FILTERABLE VIRUSES 

Of all the other diseases caused by filterable viruses i\e arc almost 
entirely in the dark, and it will be tedious to mention them all merely 
to repeat this statement However, there is a little light appearing 
with regard to some of them and at least the promise of better under- 
standing in other cases 

Thus, m the case of common colds, it seems satisfactorily shown by 
the work of Kruse, Foster, Olitzky and McCartney that bacteria 
can be excluded by filtration and that a cold may be transmitted 
by the dear filtrate of nasal secretions from a person in the early stage 
of a corj'ra which has been contracted by contact But that is all 
and it is only because this is a common disease which affects us all 
that this information is any more interesting than the similar in- 
formation whidi IS all we possess concerning certain diseases of 
horses, such as aphthous stomatitis, equine distemper, pleuropneu- 
monia, African horse sickness, and infectious anaemia, or certain 
diseases of cattle such as foot and mouth disease, rinderpest, stomatitis 
papulosa and agalakha contagiosa Other similar diseases affect 
swine — ^liog cholera, or sheep, catarrhal fever, Nairobi sheep disease, 
or fowls, fowlpest, infectious leukaemia of hens, etc There are other 
diseases still, affecting rats and guinea pigs, rabbits, birds, silkworms, 
etc, and doubtless a host of others which we ha\c neier noticed 
Great etalemeiit was aroused by the statements of Froscli and 
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Dalunen that they had discovered the cause of foot and mouth 
disease by photography by ultraviolet light, but this is left to lapse 
into silence by the comimssion of the German Microbiological Asso- 
ciation appointed to investigate it and similar skepticism seems to 
prevail with regard to the analogous discovery by Barnard of the 
cancer parasite by the same method But there still remain several 
human diseases of great importance which have not exactly fallen 
into any of these classes although they seem to be closely related 
usually because they behave like those which are due to a filterable 
virus Such are influenza, measles, scarlatina, dengue, pappataci 
fever, rheumatism, verruga and after these the local affections, mol- 
luscum contagiosum, warts and trachoma. 

As to influenza, the efforts of almost all the workers in the world 
failed to discover the etiological factor when the most gigantic mater- 
ial was offered but at least the impression became general that the 
bacillus of Pfeiffer could claim nothing more than the role of a second- 
ary mvader and that there must be a filterable virus although no one 
could demonstrate it The work of Olitzky and Gates on the Bacfllus 
pneumosintes, a filterable bacterium, is extremely interesting but 
does not convmce one at once that in that organism the cause of the 
epidemic is found No one has actually reproduced the disease in 
characteristic form in spite of many efforts and it remains an unsolved 
problem 

Measles studied by the usual methods has shown itself to be a disease 
caused by a specific virus which is found in the blood, nasal and 
conjunctival secretions, and elsewhere in the body. It vnll pass 
through a porcelain filter and will reproduce the disease when injected 
into susceptible human beings or monkeys Hektoen demonstrated 
this clearly and his results ivere confirmed by Goldberger and Anderson 
and later by Blake and Trask, although Sellards had arrived at an 
opposite conclusion Others have described similar infection of 
rabbits and guinea pigs (Nevin and Betman, Duval and D’Aunoy), 
but whether these are comdncmg or not there seems little doubt 
about the fact that man and monkeys can be thus infected None 
of these experiments resulted in any demonstration of a visible organ- 
ism although Mallory described minute bodies in the endothelial 
cells of capillaries in the exanthem Recently Caronia and Sindoni 
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have found m the blood, bone-marrow , filtrate from nasal secretions 
and cerebrospinal fluid of infants in the prodromal or exantliemaUc 
stage of measles, an organism which grows anaerobically in catalyUc 
media and which is visible as very minute granules in pairs This 
organism will pass through a porcelain filter and from the clear filtrate 
new’ cultures may be made Inoculation of large doses of the culture 
intravenously produces a disease like measles in rabbits and the organ- 
isms may be recovered The serum of children convalescent from 
measles speafically agglutinates these organisms Inoculation of 
inactivated or attenuated cultures produces immunity from measles 
in diildrcn while large doses of the livmg culture produce typical 
measles de Villa has show'n that inactivated cultures injected mto 
the skm produce a reaction like the Schick reaction in non-immunes 
but not in immune persons Various others have found the organism 
(Arloing and Dufourt, Ritosso, etc), and Dr Saphro is now working 
with It in our laboratory She has succeeded in cultnatmg it from 
cases of measles and although we have seen that it corresponds in its 
morphological and cultural characters w ith tlie cultures brought from 
Caronia’s laboratory, we must await further study 
Dengue, which resembles measles in some respects, has been shown 
by Graham, Ashburn and Craig, Clcland, Bradley and McDonald 
and others to be transmissible to human beings by inoculation of 
blood even when filtered through a porcelain filter The organism 
is thought by Cliaudlcr and Rice not to be a spirochaete altliough some 
authors have suggested this Graham thought it an amoeboid body 
within the red corpuscles but no one has confirmed this Due al and 
Harris tliink they have transmitted tlie disease to guinea pigs as shown 
by feeer, fall m leucocytes and enlargement of the spleen and have 
cultivated certain globoid bodies for many generations which will 
produce the same results when inoculated into guinea pigs Great 
interest centres in the relations with mosquitoes which naturally 
transmit the disease While Graham and Ashburn and Craig thought 
tliat Culcx fatigans or quinqucfasaatus was the natural carrier, 
Bancroft, Clcland, Bradlej and AIcDonald, Chandler and Rice, 
and most recently Siler, Hall and Hitchens hav’e shown that the 
Stegomyia fasaata (Aedcs aegypti) is really the vector and not Culcx 
fatigans The latter group of authors show that mosquitoes can 
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receive the virus from patients in the first, second and third day of the 
disease, that the virus must remain in the mosquito eleven days before 
transmission is possible Immunity follows the disease but is not 
absolute and most persons who live in countries where dengue is 
common go through several attacks in successive years, the illness 
becoming milder each time until they seem to be quite immime 
From this we may conclude that the organism has yet to be discovered 
but that like that of malaria it seems to require time to complete 
some part of its life cycle m the mosquito This, of course, is not a 
strict consequence but otherwise it is difiicult to explam the eleven 
day period unless we merely assume that the organism grows in the 
mosquito until the dosage becomes sufficient to produce infection 
It would be interesting to determine whether one mosquito after 
eleven days could infect several persons 
Of scarlet fever there is little to say here De Cristina, Caronia and 
his associates, and others have found an organism like that described 
in measles but others who have attempted to repeat this work 
have failed to confirm it (Burgers and Bachmann, Meyer) It has, 
of course, always been traditionally held that scarlet fever is an 
exanthematic disease closely related to such diseases as measles and 
leaving behind it a lastmg immunity, but generally complicated by a 
secondary infection with streptococci The immunity and various 
anatomical changes seemed characteristic of scarlet fever in contrast 
with what is found in uncomplicated cases of streptococcal infection 
Now It appears from the work of Dochez and of Dick and Dick that 
a special streptococcus is concerned, that this as Dochez says is con- 
stantly associated with the primary and secondary manifestations 
of the disease, it is specific in character, able to produce the experi- 
mental disease in man and animals, its toxic effects are neutralized 
by the serum of human convalescents On the other hand the spe- 
afic toxic phenomena of scarlet fever in man can be made to disappear 
by an antitoxic serum produced in the horse by this streptococcus, 
and a Berkefeld filtrate from cultures of the organism is found to con- 
tain a toxin which is speafically related to immun ity in scarlet fever 
as shown by skin tests From all this Dochez concludes that the 
Streptococcus scarlatinae is the principal and probably the only 
aetiological agent of scarlet fever 
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Pappalaa fever or phlebotomus or three day fever, which is so 
ividely distributed m the tropical and Mediterranean countries, \%as 
shown by Doerr and Russ and Birt to be due to some filterable virus 
which circulates in the blood and which upon injection into susceptible 
persons will produce the disease It is transmitted by a sort of mos- 
quito, the pappataci (Phlebotomus papatasii) which is able to infect 
another person only after the virus has been in its body for se\en 
days, which again suggests that some part of the life cycle of the 
organism must take place in the vector’s body Nothing satisfactory 
has been done in the way of recognizing precisely this organism 
Whittingham thinks it may be a leptospira but it is not pathogenic 
for guinea pigs and not inherited by the phlebotomus 
lUienmahsm is quite clearly an acute and recurring specific infectious 
disease producing absolutely peculiar and characteristic anatomical 
changes No bacteria have been satisfactorily recognized as the 
causative agent and in spite of many attempts no one has succeeded 
in produemg the disease eiqicrimentally in an> animal As fat as 
recorded no one has attempted to infect a human being with this 
extremely serious disease, and although it seems possible that it may 
be due to a filterable virus, there is no evidence upon which to base 
any statement 

Verruga peruviana No perfectly clear idea of the aetiology of this 
disease is yet available in spite of the considerable amount of attention 
recently paid it The general opinion which prevails among the 


investigators in Peru is that Oroya fever in which peculiar minute 
bacillus like organisms are found in the red blood corpuscles (Barton- 
ella) IS the first stage in a disease m which later the nodules or verrugae 
appear on the skin and elsewhere Strong and his associates, however, 
believe that the Oroya fever and verruga are separate diseases The> 
couldnot transmit Oroyafever to animals butcould inoculate monkeys 
and other animals with verruga although they could not demonstrate 
a filterable virus nor any definitely visible organism 
As to common warts, Jadassohn was able to transmit them by inocu- 
lation CiufTo could filter the material and still produce them by 
inoculation and Wile and Kingcr>' have not only reproduced tliem m 
human beings by filtrates but have transmitted them m the same way 
to a second generation In all cases the period of incubation from 
the time of inoculation to the dev’elopment of the warts is verj long 
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Mollnscum cofiiagioswn is another disease of human beings which 
has been reproduced in typical form by the injection of a bacteria 
free filtrate probably by Juliusberg, certainly by Wile and Kangery 
The cellular inclusions are typical but the organism is evidently an 
extremely minute form The relation of this to the epithehoma con- 
tagiosum of fowls is not settled That disease which sometimes 
appears as a diphtheritic mflammation has been mentioned already 
in relation with vaccinia It has been shown by Marx and Sticker 
to be transmissible by the injection of a filtrate and in the emulsion 
there are foimd minute granules somewhat hke those found in vaccinia 

Nothmg new seems to have been accomplished in relation with the 
various other less-known diseases due to filterable viruses except that 
Olitzky in working with the virus of mosaic disease of tobacco has 
been able to cultivate it in a medium made from the plant and to show 
by calculating the dilution that the invisible virus must have multi- 
plied greatly. 

One is left with the feeling that in comparison with the amount of 
work, and especially with the bulk of the publications in this field, 
very little has been accomplished The question arises as to what we 
really want to know about these viruses and it seems that this may be 
answered from two pomts of view^ As a matter of intellectual 
interest we want to know their morphology, their behavior wuth regard 
to various enmronmental conditions, and particularly their whole 
life history If we could know the life cycle of any organism, even 
including the common bacteria, with such precision as we know that 
of the Schistosomes or of malaria, we would feel content As a matter 
of practical interest merely to enable us to combat the disease we 
might be quite content to know only that this is a filterable virus 
and that somewhere in its life histor)’- there is a pomt at which its 
transmission can be attacked as is the case with yellow fever Even 
if we doubt the part pla3’-ed by the Leptospira, w’^e know that the virus 
must be carried by the Stegomyia and it is only necessary to keep this 
pest from bitmg the persons who have the disease to exterminate the 
disease From this practical point of view immunological relations 
assume an unportance far out of proportion to their interest from the 
otlier standpoint, and practically we can control the spread of many of 
these diseases or prevent their occurrence in an individual 
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One has the impression that progress is slow because -no still use 
blindly the methods of investigation which have been worked out with 
such effort for bacteria ^^^len someone succeeds in devising new 
conceptions— as new as the use of aniline dyes and solid media were 
for the early days of bacteriology, progress may be rapid It seems 
far from unpossible that totally different media may be necessary for 
the cultivation of these minute organisms and that quite different 
principles of immunity may prevail One organism properly worked 
out should serve as a model for all the rest It is intrigumg to reflect 
that while we know of the existence of only those filterable viruses 
which produce disease, there are doubtless thousands of such minute 
living creatures round about us which will forever escape our per- 
ception 
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THE PRESENT STATUS OF OUR KNOWLEDGE OF THE 
ETIOLOGY OF PELLAGRA’ « 

JOSEPH GOLDBERGiai 
Vwkd Stales Pulhc JleaUh SemcCt W ashnglonf T> C 

On March 26, 1735, nearly two hundred years ago, a physiaan. 
Doctor Gaspar Casal, practicing in the little town of Oviedo, Spain, 
made some notes on the first of a senes of cases of a disease known to 
him and to the people of the locahty as Mai de la Rosa (1) That 
disease we now know as pellagra 

Casal descnbed the sjTnptoms, termination and sequelae and dis- 
cussed the cause, nature and geographic distnbution of the disease, 
but It is Casal’s ideas as to the cause which alone interest us at this 
time He thought that the cause resided in a combination of at- 
mosphenc conditions and food, food rendenng the body susceptible 
and the atmosphere through an inherent and “mahgnant” quahty 
acting as the efiiaent or preapitating cause of the malady The idea, 
thus for the first time eirpressed, that food was etiologically related 
to pellagra persisted but underwent in the course of time vanous 
modifications until the theory was evolved that pellagra is an intoxica- 
tion resulting from the consumption of spoiled maize With this 
theory of the etiology of pellagra the names of Sctte (2), Balardini 
(2),Roussell (3), and more particularly that of Lombroso (4) are closely 
assoaatcd 

Needless to say, there had not been lacking among the older stu- 
dents some who believed that the disease was a commumcable one 
Sucli belief, how cv er, had at no time been widely held and it had long 
been fairly completely dismissed from scnous consideration in favor 
of what had become the authoritative and, in certain countncs, tlie 
official spoilcd-maize theory of Lombroso when Sambon (5), first in 

’ DcJamar I^ture delivered before the School of Hjgicne, Johns Hopkins University, 
Baltimore, Md , March 1, 1SU6 
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supported by the results of more extensive studies earned out by later 
■workers (10) If the association with poor sanitary conditions were 
really significant it would be reasonable to expect that the prevalence 
of the disease might be reduced or that the disease might even be 
eradicated by improving sanitary conditions An expenment to test 
this was actually earned out by Siler, Garnson and MacNeal (11) in a 
cotton mill -village of South Carohna and, as reported by them, with 
notable success in eradicating the disease There is good reason to 
beheve, however, that these workers fell into error in interpreting the 
result of the expenment for the prevalence of the disease in the expen- 
mental ■village was later found by workers of the Public Health Serv- 
ice to be quite as high as in some other nearby -villages ■with but the 
crudest methods of excreta disposal (12) It may be stated m this 
connection, that while there is no sound evidence that the disease can 
be prevented by impro-ving samtary conditions, other evidence of the 
failure of improved samtary conditions to control the prevalence of 
the disease has been reported (13) (14) 

Some of those who have regarded tlie association of the disease with 
poor samtary conditions as sigmficant, have reported e-vidence of the 
occurrence of contact with a preexisting case in a very lugh percentage 
of inadent cases (7) (8) (9) (IS) and have considered some of this as 
well nigh conclusive e-vidence of infection It would be very instruc- 
tive to examine this evidence in detail but it must suffice to state, as 
Vedder (17) and Goldberger and Wheeler (16) have pointed out, that 
much of It IS consistent with the conception of a dietary defiaency 
and that which is not, is the result of faulty or inadequate methods of 
investigation and really without sigmficance That “contact” has 
not the sigmficance that some observers have attnbuted to it is 
strongly indicated by its failure to operate under what would seem 
favorable conditions, as wc shall endeavor to make clear presently in 
another connection 

The marked seasonal incidence of pellagra, its seemingly sudden 
appearance and alleged rapid extension in the United States with its 
notably higher prevalence in the Southern States represent epidemi- 
ological characters that one naturallv assoaates with infectious dis- 
eases, so that it IS not suipnsing that these have been ated in support 
of an infective etiology In doing so, however, it was overlooked 
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that such characters are not peculiar to infectious diseases Excellent 
analogies may be found in the literature of beriberi (18) (19) so that 
they are, manifestly, equally consistent with a dietary etiology 

The notably higher inadence of the disease in adult women than 
in men has been cited in support of infection on the ground, pre- 
sumably, that such difference is inconsistent with a dietary etiology 
This is, however, by no means necessarily the case as witness, for 
example, the great preponderance of endemic goitre in girls as com- 
pared -with boys of the same age (20) . While it must be acknowledged 
that in the light of present knowledge the peculiarities not only of sex 
but also of age incidence exhibited by pellagra are not altogether 
satisfactorily explainable on a dietary basis, they are even less 
satisfactorily explained on the basis of infection For to suggest a 
difference in “resistance,” virtually the only explanation that the 
infectionist can advance, is an explanation that is manifestly equally 
consistent with the dietary theory and it is itself in need of 
explanation. 

Although a satisfactory explanation on a dietary basis of the phe- 
nomenon under consideration can not yet be formulated, a number of 
factors may, nevertheless, be suggested as possibly contributing to 
bring it about. Thus it is conceivable that dunng adult life there 
may be a quantitative difference between the sexes in physiological 
requirement of the special dietary factor related to pellagra or there 
may be a difference in the length of the developmental period of the 
disease so that what, if not interfered with, would be the longer period 
of evolution of the disease in the male may be conceived as cut short 
by seasonal changes in diet which do not come quite soon enough how- 
ever to benefit the female in the same way It may be suggested 
further that the housewife may, and on the basis of every day observa- 
tion doubtless does in some instances, at least, favor the husband and 
other wage earning members of the household in matters of diet and, 
also, that the husband and other wage earning members may in some 
instances modify their diet advantageously by means of supple- 
mentary articles of food secured outside of the household Finally, 
there may be mentioned as a possible contributing factor the fact of 
common observation that the diet of the woman (particularly of the 
housewife) is more hkely to be affected by eccentricities than is that 
of the man 
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Here it may be permissible to suggest that eccentnaties in diet 
probably account lor many of the sporadic cases both in the general 
population and in institutions, particularly institutions for the insane, 
just as they must account for similar cases of scurvy and of benben 
This may also explain many, if not all, of the cases in well-to-do 
individuals although it may be well to point out that it by no means 
follows that all w'ell-to-do individuals are always provided with a 
good diet nor that even when so provided that they always eat it 
It should not be overlooked that well-to-do people may be food fad- 
dists, that they may be parsimomous, or be unfavorably situated with 
respect to sources of household food supply and, thus, that their diet 
may be one-sided, restricted and monotonous and possibly faulty in 
one or more respects (21) So that in studying the dietary relationship 
of the sporadic case, whether of one occurnng in the home or in an 
institution, the student should not be content with ascertaining the 
character of the diet available, that is, of the general diet of the house- 
hold or of the institution, but should strive to determine just what and 
how much it was that had m fact been eaten by the affected individual 
Failure to do this, explains many, if not all, of the cases that have been 
reported as instances of the occurrence of the disease in spite of a good 
diet and, thus, as supporting an infective etiology (22) 

The fact that the disease occurs in seemingly wxll-nounshed individ- 
uals and in nursing infants has also been advanced as an objection 
to a dietary etiology It is a suffiaent answer to this objection to 
point to the same occurrence in scurvy and in benben 
In the light of the considerations presented it must be clear that the 
epidemiological and clinical evndence on which the argument for 
infection has been based either has not the sigmficance that has been 
attnbuted to it or is equally consistent with the dietarj'- mew 
The argument for infection has not however been based wholly on 
chnical and epidenuological grounds A number of workers have 
advanced either bactenological (2) or expenmental evidence (23) (24) 
in its support Of the reports belonging in this category there is 
onlj one of sufficient importance to be here considered This is the 
report of Hams (24) of New Orleans of having infected two monkeys 
vith pellagra by inoculating a filtrate from pellagrous tissues As- 
suming that the diagnosis of pellagra m these animals was correct 
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there is nothing in the report to show that it was not diet rather than 
infection that was the responsible factor. But it is by no means 
certain that the diagnosis was really correct That it was an error 
has already been suggested by Funk (25) and is made highly probable, 
first, by the fact of the frequent occurrence in the monkey of eruptions 
that so far as may be judged are much like that described and pictured 
by Harris, second, by the important consideration that neither he 
(26) nor any other workers (27) have been able to confirm his original 
results and, third, by the still more important fact that a number of 
recorded attempts to transmit the disease to the human subject (28) 
by means of dermal scales, blood, nasopharyngeal secretions, unne 
and feces from cases of pellagra have been complete failures The 
available experimental evidence must be regarded therefore as, on 
the whole, affording no support for the idea of pellagra as an infection 

It would seem then that, at best, the evidence so far considered 
either is equally consistent with the dietary hypothesis or actually 
affords the idea of infection in favor of which it was adduced no real 
support. 

Let us now turn to some observations that, as will be seen, not only 
afford no support to, but are difficult or impossible to reconcile with 
an infective etiology And, first of all, may be cited an observation re- 
ported by K.ulz(29),an army surgeon with the German army of occupa- 
tion in Roumania during the World War He has reported that in 
spite of the closest contact with the Roumanian population, among 
whom pellagra was prevalent, the several hundred thousand of the 
military persoimel remained free from this disease although they were 
not exempt from attack by other endemic maladies, such as malaria, 
typhus, typhoid and dysentery He characterized this, and, it would 
seem, not without warrant, as “evidence of very great weight in sup- 
port of the argument against infection ” In this connection, it is of 
interest to recall that the food conditions in Europe dunng the World 
War have been cited by some observers (30) (43) as well mgh conclu- 
sive evidence against the dietary origin of pellagra These observers 
seem to argue that inasmuch as the people of Europe, particularly 
those of certain of the belhgerent powers, were on starvation diets and 
necessarily badly nounshed during the war and since there was no 
pellagra amongst them, diet and malnutntion can have nothing to do 
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with pellagra So far as concerns the relation of a general malnutn- 
tion to pellagra this may be freely granted but it appears to ha\ e 
escaped those who reason in this way that if this argument w ere really 
vahd as regards diet, it would also disprove the now well estabhshed 
dietary relationship of benben for, so far as is known, benben was no 
more prevalent than pellagra under the arcumstances mentioned 
The fallacy of the argument resides, of course, in the assumption that 
because a disease is the result of a faulty diet any faulty or inadequate 
diet will bnng it about— a wholly unwarranted yet, curiously enough, 
a very common assumption Evidently then the experience of Europe 
dunng the war is not inconsistent with the dietary hypothesis 
The expenence of the German army of occupation in Roumania, 
to which reference has been made, in its failure to support the idea of 
infection is in close harmony with certain older observations Uie sig- 
nificance of which seems, however, to have escaped or has been mis- 
understood by the advocates of infection These observations fall 
into one of two classes of which the first represents the expenence of 
institutions, both speaal and general hospitals, receiving cases of 
pellagra for treatment In such institutions physiaans, nurses, at- 
tendants, etc , in frequent contact with the disease and directly or 
indirectly with the body discharges of persons sick with it, practically 
ne\ er develop the disease w hile so employed (31) A recent illustra- 
tion of this IS to be found in the expenence of Ennght (33) wrth pel- 
lagra in Egypt He states that dunng the three years that he had 
dealt with some thousands of cases he was struck by the fact that all 
the orderlies, including British, Turks, and Germans, in attendance 
on the patients remained free from the disease I\Tule we can not 
agree with Ennght in considenng this as proving that the disease is 
neither infectious nor contagious, his observation is certainly a very 
stnking illustration of at least the failure of “contact” to operate w hen 
giv cn what w ould seem to have been an excellent opportunity to do so 
Impressive as such observations are, those of the second class are 
Very much more so This class represents the expenence of institu- 
tions to wluch cases of the disease may or may not be admitted but in 
which It is endemic or has, in some instances, been epidemic, or both 
Thus, It has repeatedly been observ'ed that employes (nurses, at- 
tendants, etc ) resident in such institutions, many of whom come in 
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frequent association or intimate contact witli active cases of the disease 
or their body discharges, or both, practically never contract the dis- 
ease while so employed and so residmg (31). This exemption, con- 
sidering the circumstances, is extraordinarily difficult if not altogether 
impossible to reconcile with a hypothesis of infection From the 
point of view of diet, however, an explanation readily suggests itself 
and, in fact, in the instances studied by us the exemption was con- 
sistently associated with what was believed to be a significant differ- 
ence in diet It would appear therefore that not only is the idea of 
infection without unequivocal support but there is important evidence 
with which it is difficult, if not impossible, to reconcile such idea but 
which is consistent with and is readily explained on a dietary basis 
Clearly, then, the weight of the evidence so far reviewed, favors the 
dietary etiological view and more than warrants its adoption as a 
working hypothesis. 

Now if this h5q)othesis is soimd and pellagra is really due to a faulty 
diet, then certain implications which this hypothesis carries with it 
must also be true. 

These are, first, that a difference in diet as between pellagrins 
and non-peUagrins be demonstrable, second, that the disease must be 
curable by a proper diet; third, that it must be preventable by such 
a diet, and, fourth, that it may be experimentally produced 'by diet. 

The demonstration of a difference in diet as between individual 
pellagrins and non-peUagrins is frequently difficult or impossible 
particularly in localities in which the disease is endemic. The reason 
for this difficulty is, in the first place, the fact that we have no means 
for determining in a particular instance whether the seeming non-pel- 
lagrin is really free from the disease Experience and analogy with 
other deficiency diseases both teach that in many instances the dis- 
ease is very probably present but not developed to the point of symp- 
toms. In the second place, our basic knowledge as to the nature of 
the dietary deficiency and, more particularly, as to the preventive 
value of different foods or combinations of foods is, as yet, much too 
meager to permit of rehable judgment in all instances as to the ade- 
quacy of a particular diet. This difficulty is enhanced, moreover, 
by the indefinite character of the information that is ordinarily avail- 
able with respect to the diet of the individual At best all that ques- 
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tiomng can ordinarily chat is a qualitative statement In exceptional 
instances only can even a parbal quantitative statement be secured 
Manifestly therefore the detenmnation of a difference m such ar- 
cumstances is not to be expected If, however, the coropanson is not 
between individuals but between groups a sigmficant difference is 
demonstrable or may reasonably be inferred to exist llius in a study 
by workers of the Umted States Public Health Service (34) earned 
out in some cotton null villages of South Carohna in which the disease 
was endemic, comparison of diets of non-pellagrous with those of 
pellagrous households revealed that the pellagrous had a more re- 
stneted supply of such foods as milk and fresh meat Similarly, in 
institutions in which the disease is endemic although the non-pella- 
grous class (consisting of officers and employes) may appear to and, 
perhaps, actually does receive exactly the same food as does the pel- 
lagrous (composed of the inmates) an indication of a difference in the 
diet of the two exists in this — that those of the unaffected dass, being 
the officers and employes, are in a position both to serve themseVves 
more hberally of the more desirable articles of the ration and to sup- 
plement the institution diet with articles of food or with meals secured 
outside 

Difficult as It may be to discern any difference in the individual 
diet m pellagrous households in an endemic locahty, indications of a 
difference can very frequently be discovered in sporadic cases par- 
ticularly in such as occur in well-to-do persons 

Examples of such cases may be found scattered in the hterature 
Particularly interesting are some of the cases reported by Vedder 
( 17 ), Roberts (21), Eustis (35) and WTieelcr (36), and a case in an army 
officer reported by Nichols (37) Nichols states that when his case 
was reported everyone said that this was an instance of pellagra in 
which the food factor could be ruled out, presumably, because there 
could be no question of the patient not having had a good diet avail- 
able, but on going into the history of the case with the pahent’s sister 
he found that the patient “had always been a crank on diet, had never 
eaten meat, and ahvays earned crackers around in his pockets ” 

If the dietary theory is sound and a difference in diet between pel- 
lagrin and non-pellagnn is demonstrable then, it has been suggested, 
a difference between the diet of a community or locahtj in wluch only 
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exceptional, if any, cases occur and that of one in which the disease 
is highly prevalent should also be demonstrable This is a reasonable 
expectation Unfortunately, however, the attempt to demonstrate a 
difference in such circumstances calls for a laborious inquiry not only 
as to the diet directly but also as to the climatic, economic and other 
possible conditions that might affect the character of the food supply 
of a community or locality and thus, indirectly, of the character of the 
diet of its people The observers who have reported that a significant 
difference is not demonstrable (7) (8) (9) (65) have reached this con- 
clusion, we beheve, because of inadequate and faulty methods of study 
of a difficult problem The more soundly oriented inquiry earned 
out by Vedder (17) and that by the workers of the United States Pubhc 
Health Service (6) resulted in adducing evidence that justified at least 
a strong presumption of the existence of a difference in household diet 
of contrasting communities Thus, making due allowance for certain 
inherent difficulties, indications of a difference in diet as between pel- 
lagrin and non-pellagrin whether regarded as individuals, households 
or communities are frequently demonstrable or may reasonably be 
inferred. 

In this connection the question naturally arises whether the marked 
annual fluctuations in pellagra prevalence, sometimes observed, can 
also be associated with fluctuations in diet. It has indeed been argued 
(67) that it is difficult to beheve that the people of any considerable 
area should make such radical changes in their diet as would explain 
these fluctuations in prevalence That this is a hasty and superficial 
view will at once be realized when it is recalled that quite similar 
fluctuations in prevalence are characteristic of such dietary diseases 
as scurvy, and benberi, so that obviously considerable populations 
may make or, rather, may be obliged by circumstances to make 
“radical” changes in their diet In reality, however, there is no need 
to assume that the changes in diet must be of a “radical” character 
It seems to us quite possible that relatively shght and, superficially, 
perhaps quite inappreciable quantiative shifts may suffice to change 
what was perhaps a j'ust sufficient diet into one more or less defiaent 
in some one or more respects Recalling the intimate relation that 
exists between economic conditions and pellagra incidence and recal- 
ling further that economic conditions are at times subj'ect to violent 
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fluctuations, one can readily perceive the nature of the force that may 
obhge the people of a household, of a community or even of a nation 
to modify their diet for worse or, it may be, for better The depres- 
sion in the pnce of cotton in 1914 consequent upon the outbreak of 
the var m Europe was followed by a great increase m pellagra in the 
cotton growing area of the United States in 1915 The recovery in 
the price of this staple dunng 1915 was followed by an equally or 
even more notable reduction of the disease in 1 91 6 Can it be beheved 
that the sharp restnction of credit that the planter or the merchant 
in the plantation area of the Southern States was obhged to impose 
on the plantation labor in the fall and winter of 1914 in consequence 
of his inabihty to sell his crop without loss was without effect on the 
diet of those people? No one acquainted with the agricultural eco- 
nomic orgamzation obtaimngm the plantation area will have any doubt 
of the answer 

There is much reason to beheve, therefore, that the year to year 
fluctuations in pellagra prevalence are associated with fluctuations 
in diet and that tliese are reflections of fluctuations in economic 
conditions 

Passing now to the question of the place of diet in the treatment of 
pellagra, we find that opinion has varied considerably in the course of 
the long history of the disease but it is w'orthy of note that over half 
a century ago Roussel (3), on the basis of his ow n observations and the 
experience of others, assigned to diet the place of first importance 

The testimony of many careful observers and the results of recent 
studies all go to show that in uncomplicated cases of average seventy 
the aclmimstration of a diet containing a generous allowance of milk 
and fresh meat is qmte regularlj followed by cbnlcal improvement 
With only rare exceptions, provided the patient cooperates fully in 
taking the diet, this improvement continues progressively to eventual 
complete clinical recovery without the use of any medication except 
such as may be needed to rmtigatc distressing symptoms or complica- 
tions Should the cooperation be unsatisfactory or the diet for any 
reason be inadequate, tlie attack takes a \ cry different course in the 
milder attacks the manifestations, particularly the eruption, maj clear 
np and the attack may seem to subside But such seeming improve- 
ment IS temporary After a v'anable period (possibly of weeks) the 
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manifestations reappear perhaps again to subside but sooner or later 
these remissions cease In other, as a rule more marked, cases no 
remissions occur, the attack with or without a period of seemingly 
stationary symptoms becoming progressively more pronounced and 
severe. Even at such more advanced stage a favorable change m food 
intake may be followed by improvement and recovery. It would seem 
clearly indicated therefore that diet operates as a dominating factor in 
controlling the clinical course and outcome of the attack A conclu- 
sion that IS strengthened by the fact that there are no observations 
however discordant they may have been thought to be that are really 
inconsistent with it (38) 

That the specific treatment of pellagra resides in diet is further and 
more convincingly shown by the fact that the clinical recovery ob- 
tained by proper feeding is maintained as long as a proper diet is con- 
tinued In other words, recurrence of the disease so long dreaded by 
both laity and physician does not take place in those adequately 
nourished This was for the first tune demonstrated by studies 
carried out some ten years ago by Goldberger, Waring and Willets 
(39), and has since been confirmed by other workers (40) (41) 

Not only was it demonstrated in those studies that the disease does 
not recur in those previously attacked but, stiU more, that it does not 
occur at aU in those subsisting on an adequate diet Since care was 
taken to make no changes m sanitary and hygienic conditions, nor as 
regards the character of new admissions to the institutions in which 
those studies were made, the complete prevention of both recurrent 
and new cases proved conclusively that pellagra may be prevented by 
diet without the aid of any other factor, hygienic or sanitary And, 
it may be added, there is no good evidence that the disease can be 
prevented by any other means 

Not only has it been demonstrated that the disease is completely 
preventable by diet but, what is more, the production of the disease 
by diet has also been shown to be possible In 1915, Goldberger and 
Wheeler (16) carried out an experiment at one of the Mississippi 
pemtentianes in which by feeding a diet resembling such as in prewous 
observations they had found assoaated with a high incidence of the 
disease they succeeded in producing the disease in definitely recog- 
nizable form in at least six of eleven volunteers, all white male con- 
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victs As controls they had the other residents of the penitentiary, 
120 m aU, of whom 47 were under observation throughout the expen- 
mental penod None of the controls developed any recognizable 
evidence of the disease 

This expenment has not escaped cntiasm Shortly after the ap- 
pearance of a prehminaiy report, MacNeal (42) (43) questioned its 
vahdity by casting doubts on the diagnosis of the experimental cases 
MacNeal’s cnUasm has recently been echoed by Merk (66) of Inns- 
bruck Refemng to MacNeal’s cntiasm, Wilson (44) of the School 
of Mediane of Cairo, Egypt, says “MacNeal casts doubts on the 
correctness of the diagnosis, no one, however, with some expenence 
of the disease can fail to be convinced, after reading Goldberger’s 
recent paper, that these men suffered from pellagra, the wnter from 
recent expenence in Egypt would be inchned to beheve, from the 
pccuhar lingual and intestinal symptoms desenbed, that four others 
might well have been included as pellagrous, leaving one only out of 
the eleven who does not appear to have become affected ” If it be 
permissible to amend Professor Wilson’s comment ae would suggest 
that to be convinced that these men had pellagra, one other require- 
ment must be fulfilled — namely, the possession of an open mind 

Although relatively great progress has in the past ten years been 
made in our knowledge of pellagra, this progress has been slow when 
compared with that recently recorded in connection with certain other 
diseases of nutntion The difference is largely if not altogether due 
to the fact that for pellagra an expenmental ammal has been lacking 
There is reason to beheve, however, that this defiaency has now been 
supphed 

In August, 1917 Chittenden and Underhill (45) reported the axpen- 
mcntal production in dogs, by feeding, of a pathological condition 
which they regarded as closely rescmbhng human pellagra IVheeler, 
Goldbcrger and Blackstock (46) have identified this expenmental 
condition with the spontaneously occumng disease of dogs known to 
Amenoin v ctennanans as black tongue It is of interest to note that 
fhe resemblance of the spontaneous disease to human pellagra had 

cen commented on by at least one observer (47) even before Chit- 
tenden and Underhill’s publication More recently Undcrlull and 

endel (48) have bnefly reported some results of a study of tins con- 
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dition begun in 1918 and not yet completed They state that the 
syndrome in the dog is associated with a lack of some unknown con- 
stituent of butter fat which is different from fat soluble A since cod 
hver oil does not protect They have reached the conclusion also 
that fresh beef possesses some protective action but in the absence of 
a sufficiency of the unknown effective agent present in butter the 
disease may be induced on a diet containing much meat but a longer 
period of time is necessary The same statements are reported as 
applicable to casein which has been purified by boDing with alcohol. 
They have found also that egg yolk confers a certain degree ofprotec- 
tion but is not as effective as butter fat Carrots are reported as 
particularly effective in alleviating the syndrome when it is once 
initiated In a paper that has just appeared Goldberger, Wheeler, 
Lillie and Rogers (49) report in a prehminary way, some results of a 
study of experimental black tongue that suggest very strongly that 
this condition and human pellagra are etiologically identical They 
have induced this camne disease by feeding dogs certain diets pre- 
viously found associated with the occurrence of pellagra, including the 
diet used in the human experiment earned out at a Mississippi peni- 
tentiary Based on their expenence with pellagra they have con- 
structed a diet ivith which they are able regularly to induce this 
disease in the dog in from one to three or four months They report 
that substances such as yeast, yeast extract and fresh lean beef, that 
were found to possess black tongue-preventive potency, have when 
tned in pellagra been found effiaent preventives of the human disease 
and, conversely, that the substances such as butter fat, cod hver oil 
and casein that had failed in pellagra or that, hke milk, were of low 
pellagra-preventive potency, when tried in black tongue failed or 
were feeble as preventives of the canine disease In consequence of 
these striking findings they have adopted the working hypothesis that 
black tongue of dogs is the analogue of pellagra in man 

In the same pubheation these workers also report results that seem 
to indicate that the rat too will probably be found to serve as an ex- 
perimental animal in the study of pellagra and of black tongue We 
shall return to this presently in another connection 

Thus it would seem that we are warranted in concluding not only 
that indications of a difference in diet between pellagrin and non- 
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pellagnn are demonstrable and that the disease is curable and com- 
pletely preventable by a proper diet but also that it may be e\pen- 
mentally produced by diet in man and uith a Ingh degree of 
probabihty (its analogue) in the dog, and possibly the rat, tlius 
proving thattheimphcationsof the dietaiy hypothesis, so far as they 
have been tested, are true Accordingly, in the hght of the indications 
afforded by the evidence previously considered it may be concluded 
that diet is the pnmary controlhng factor in the causation of the 
disease 

Accepting this conclusion the question now anses as to the nature 
of the essential dietary fault upon which the production of the disease 
depends Needless to say, many suggestions along this line are to be 
found m the voluminous hterature The older of these, such as that 
of quantitative inadequacy, of monotony of diet, of monophagism, of 
spoilage or, specifically, of spoiled maize, and of carbo-hydrate excess 
have all been shown to be untenable We may therefore pass on to a 
consideration of those more recently advanced But even of these 
only the most immediately pertinent can for obvious reasons be 
considered 

We shall begin with the views advanced by Funk (SO) In 1912 
this worker proxnsionally included pellagra in a group of “defiaency 
diseases,” all of which, he stated, could be prevented and cured by 
the addition to the diet of certain preventive substances called by 
him “vitamines ” 

Interesting and stimulating as this generabzation has proved to be 
he advanced m its support, so far as pellagra is concerned, only certain 
epidemiological and chnical analogies to benben More recently 
(51) he has expressed himself as inclined to the view — which he not 
altogether correctly credits to Goldberger — tliat the following factors 
arc possible "Partial lack of vitamincs, lack of animal protein, 
lack of a still unknown vitamine, the combined influence of all these 
factors ” 

Inspired by Funk’s and the other then recent dexclopments in 
benben, Sandwith (52) m 1913 suggested tliat pellagra might be a 

defiaency disease waiting for a vitamin to be discovered ” 

As the result of extensive studies, Voegthn (S3) in 1914 expressed 
the opinion that in the study of the etiology of pellagra senous con- 



94 


JOSEPH GOLDBERGER 


sideration would have to be given to a deficiency or absence of certain 
vitamines in the diet, to the toxic effect of some substances, as alu- 
minum, which occur in certain vegetable food and to a deficiency 
of the diet in certain anaino acids Later, from a study of the influence 
of vitamines on the clinical course of pellagra, Voegtlin (54) in asso- 
ciation with Neil and Hunter reported that the administration of 
extracts from yeast and rice polishings which were highly efficient 
for the prevention of avian poljmeuritis, in general failed to modify 
the course of the disease, but the administration to peUagnns of 
protein-free extracts obtained from liver and thjnnus gland, presumed 
to contain both the antineuritic substance and the fat soluble vitamine, 
“was followed by improvement in their condition apparently com- 
parable to that produced by the consumption of a diet rich in fresh 
animal proteins ” They concluded that “the dietary defect respon- 
sible for pellagra is distinctly (qualitatively) different from and per- 
haps more complex than the one causing fowl polyneuritis and human 
beriben ” 

In 1918 McCollum, Simmonds and Parsons (55) on the basis of 
results of studies in rats, expressed the belief that pellagra is pnmanly 
associated with the unsatisfactory character of three dietary factors, 
namely, fat-soluble A, mineral elements and protein mixture A year 
later, after having attempted to produce in rats a condition analogous 
to pellagra in man by feeding with diets similar to the diet employed 
by Goldberger and Wheeler in their experiment in convicts, and 
having observed in them only a “generalized poor condition,” they 
(56) concluded that pellagra is caused by an infectious agent More 
recently McCollum (57) has stated that “it seems established that 
pellagra is in some manner caused by faulty diet,” but expresses no 
opinion as to the nature of the fault 

As the result of studies of diets of various groups, pellagrous and 
non-pellagrous, carried on in Egypt Wilson (44) reported in 1921 
that the etiological factor is a deficiency of protem in the food best 
determined by an estimation of its biological value by means of 
Thomas’ figures 

In 1920 Wood from some experiments with fowls, and by reason of 
seemingly favorable results of treatment with maize germ and wheat 
bran, reported that he was disposed to suspect that a \dtamin-B 
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defiaency is involved in pellagra but pointed out, at the same time, 
that there may be sometlung else in the maize germ and the cortex 
of uheat that may account for the results observed 
Beginmng their investigation of pellagra in 1914, Goldberger and 
assoaates have reported a senes of studies the results of which they 
have interpreted as permitting the exclusion of one after the other 
of the known dietary essentials — until in 1922 they (58) concluded, on 
the assumption that aU the dietary factors essenbal in human nutn- 
tion were known, that the essential etiological dietary factor is a 
speafic defect in the ammo-aad supply, probably in the nature of a 
deficiency of a special combination or combinations of ammo aads 
Reahzing, however, that the assumption that all dietary essentials 
were known was of doubtful vahdity (59) but considering that as 
between the protein and an as yetunrecogmzed factor the probabihties 
favored the former as being the one concerned, they undertook a Study 
of the therapeutic and preventive value of the protein of casein late 
in the summer of 1922 Early in 1925 they (60) reported that while 
the casein had had a benefiaal effect on the general nutntion of their 
patients and m considerable measure prevented or, at least, notably 
delayed the development of the distinctive eruption, it did not prevent, 
though it may have delayed the relapse or recurrence of some of the 
other symptoms of the disease They concluded therefore that the 
protein factor, if it be concerned in pellagra is not the sole preventive 
or causative factor and thus that some other heretofore unrecognized 
or unappreaated dietary complex also plays an essential r6le This 
interpretation was supported by the results of a preventive study of 
dried skim milk when contrasted with those of a study of fresh butter- 
milk, on the basis of protein content dried skim milk proved itself 
distinctly infenor to fresh buttermilk It wns supported still more, 
perhaps, by the results of a study of the pellagra-preventive potency 
of dried yeast In a daily dose of between IS and 30 grams, repre- 
senting less than 15 grams of protein, dned yeast was found very 
effiaent m preventing tlie disease, a result that in view of the proved 
inadequacy of casein it was difficult or impossible to credit to its pro- 
tein alone They thought too that in view of the relativ'cl> small 
amount of protein furnished by the effective dose of yeast the speaal 
pellagra-preventive factor, which they designated as factor P-P, 
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would seem capable of preventing the disease with httle if any co- 
operation from the protein and, further, that it is possible that factor 
P-P plays the sole essential role in the prevention and causation of 
the disease 

This interpretation is strengthened by the results of further studies 
just reported by these workers (49) In tests of fresh lean beef and a 
commercial dried water extract of yeast they found both efficient 
pellagra-preventives In this study the daily allowance of beef was 
200 grams (7 ounces) and of the yeast extract 15 grams In view of 
their previous experience ivith casein the protein of which in a daily 
allowance of 60 grams had been found not fully adequate entirely to 
prevent the disease, it is reasoned that since the allowance of beef 
yielded but about 45 grams of protein and that of the yeast extract 
could not have contnbuted over an equivalent of about 7 5 grams of 
protein, the potency of the beef and that of the yeast extract could 
not weU be attnbuted to their protein alone They therefore con- 
cluded that lean beef and yeast extract contain factor P-P and that 
this factor, in view of the effectiveness of the yeast extract with its 
small yield of protein, probably plays the primary r61e in the pre- 
vention and causation of pellagra 

They point out that the demonstration of the pellagra-preventive 
potency of yeast and yeast extract which, aside from protein and a 
negligible trace of vitamin A, has heretofore been believed to contain 
only the water soluble B vitamin naturally raises the question of the 
relation of factor P-P to vitamin B They recall that although "water 
soluble B” has quite generally been considered as representing a 
single dietary factor with both antineuritic and growth-promoting 
properties (61), a number of investigators (62) have not accepted this 
view, inclimng to the belief that it includes at least two distinct die- 
tary essentials, namely, the antineuntic or benberi vitamin to which 
alone, following Funk, the designation "vitamin B” belongs and a 
"growth-promoting” factor which some workers have attempted to 
identify with bios (63). 

That vitamin B in the sense of the benberi vitamin or antineuritic 
is not concerned in the etiology of pellagra or, in other words, that 
it is distinct from factor P-P and that these two factors may perform 
their physiological functions one independently of the other is, they 
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State, e\ en aside from any other evidence, quite conclusively shown 
by the ranty of assoaalion of benben and pellagra The fact that 
these diseases in rare instances do occur together in the same patient 
in their judgment only emphasizes the significance of the ranty of 
such cases Thus although the diet may be defiaent in both the 
benben and pellagra-preventive essentials, ordinanly in relation to 
these diseases it is deficient in one and not, or chmcally but inappre- 
aably, in the other factor 

With respect to the relation of factor P-P to the so-called growth- 
promoting essential, heretofore possibly included in the term “water 
soluble B,” Goldberger and assoaates bnng forward evidence w'hich 
seems strongly to point to their probable identity 
They state that having found yeast to contain the factor concerned 
in theprevention of black tongue and of pellagra, and having assumed, 
for reasons already referred to m a preceding connection, that this 
factor is the same for both conditions, they undertook a study of the 
characters of this factor as it exists m yeast By means of black 
tongue-preventive tests in the dog they found that factor P-P is 
adsorbed from an aadulated water extract of yeast by English 
fullers’ earth (Seidell’s activated sohd), tliat it is destrojed by 
charnng the yeast but is damaged but little, if at all, when the 
yeast is heated in the steam autoclave at fifteen pounds pressure 
for 2' hours They report further that when young rats are 
fed a diet that is complete for grow'th except as to “water soluble 
B’’ and contains as the sole source of this vitamin as much as 
30 or 40 per cent of such autoclaved yeast (Chart 1 , Chart 2, period 4), 
their gro\/th is quickly arrested, then their weight declines and tliey 
die with or without symptoms of polyneuritis, although the same y cast 
before autoclaxing when forming 8 or 10 per cent of the diet furnishes 
suffiaent “water soluble B’’ for good though not optimal growth 
Thus, they point out, according to current ideas the autoclaving docs 
not notablj affect factor P-P but (in yeist) inactivates the “water 
soluble B ’’ Evidently, too, factor P-P is not of itself growth-pro- 
moting in tile rat Purthermore, if the so-called growth-promoting 
w ater soluble xitamin of the yeast is distinct from both the antmcuritic 
and the P-P factor, then clearly cither the heating has inactivated it 
or like factor P-P it is not a special grow th factor 
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But that P-P or some associated, and in yeast relatively heat re- 
sisting, factor is essential for the growth of the rat is strongly indicated 
by the results of some work with autoclaved yeast recently reported 
from the Hygienic Laboratory by Smith (64) and clearly shown by 
Goldberger and associates by the following 

1 Young rats were fed a diet complete for growth except as to 
“water soluble B” and containing as the sole source of “water soluble 
B” as much as 30 or 40 per cent of autoclaved yeast which from tests 
in dogs had been shown to contain factor P-P, the rats qmckly de- 
clined in weight, after a slight initial rise, and died with or vnthout 



Chart 1 Weight curves of four j'oung albino rats (Lot 458) whose diet (No 227) 
included as the sole source of “water soluble B” 27 per cent of autoclaved yeast Sbght 
initial growth was followed by arrest and continued loss of weight terminating m death 
Two of the nnimak developed signs of polyneuntis (After Goldberger, li^Tieeler, Lilhe 
and Rogers ) 

signs of poljmeuritis, thus giving proof of an antineuritic deficiency 
(Chart 1, Chart 2, period 4) 

2 Young rats were fed a diet complete for growth except as to the 
“water soluble B” but containing as the sole source of this vitamm as 
much as 40 per cent of a preparation of an alcoholic extract of corn 
meal (Chart 2,penod 1) that was found potent in alleviating or curing 
polyneuritis in the rat The animals notwithstanding an abundance 
of antineuritic quickly dechned in weight after shght initial growth 

3 "When, however, young rats were fed a diet as before complete 
for growth except as to “water soluble B” but contaimng as sources 
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Chart 2 Weight curves of four joung albino rats (Lot 496) during four dietary 
periods Dunng penod 1 their diet {No 218) included as the sole source of “n atcr soluble 
B” 40 per cent of an alcoholic extract of com After an initial gain in weight thev began 
to lose, n hereupon there v as added to their diet 9 per cen t of j east prev lously au toclav ed 
at IS pounds for 2i hours This was at once followed (period 2) with a resumption of 
growth which was well maintained dunng three weeks at the end of which a change in 
diet was again made This change consisted of the withdraw al of com extract and auto- 
daved jeast thus giving them the basic diet (No 206) witliout nny Inown source of 
water soluble B " Growth was at once arrested follow cdb> a downward trend m weight 
(penod 3) how another change in diet vras made The ba'ic diet (No 206) w as replaced 
1 one whidi mduded 40 per cent of autoclaved jeastas the sole 'ource of "water 'olubic 
B (diet No 239) This change was foliow ed b) a tcsumplion of growth which lasted 
ut a short time and was followed b} a progressive loss m weight Thus neither 40 per 
cent of the com extract nor 40 per cent of the autoclaved j cast when the sole source of 
water soluble B” pcmiitted the rats to grow hut when onlv 9 percent of the autoclaved 
yeast was added to the diet contammg the com extract growth took place and was mam- 
'Aineil ( \ftcr Goldberger, tk heeler, Lillie and Pogers ) 
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of this vitamin as little as 8 or 10 per cent of the autoclaved yeast and 
as httle as 5 per cent of the preparation of the extract of corn meal, 
,the animals grew (Chart 3, Chart 2, period 2, Chart 4) 

Again, when young rats were fed a diet complete for growth except 
as to the “water soluble B” and containing as the sole source of this 
vitamin 20 per cent of dried fresh lean beef which, judging by ex- 



Chart 3 Weight curves of two lots of young albino rats The diet of both was free 
of “water soluble B” except as supphed by 5 per cent of a corn extract combined with, 
in the case of lot 502, 8 per cent (diet 243E) and in the case of lot 503, 10 per cent (diet 
243F) of autocla-ved yeast Although neither preparation alone when the sole source of 
“water soluble B” even to the extent of 40 per cent of the diet permits growth when, 
as here, much smaller proportions of each are combined growth takes place thus proving 
conclusively that this is not simply an additive phenomenon The growth of these animals 
IS at a somewhat reduced rate, for optimal growth the percentages of both com extract and 
autoclaved yeast would have to be increased (After Goidberger, Wheeler, Lilhe and 
Rogers ) 

perience in both black tongue and pellagra, contains factor P-P, such 
animals after sKght initial growth dechned in weight and died with or 
without polyneuritis, thus indicating an antineuritic defidency (Chart 
5, period 1) When, however, on the appearance of signs of poly- 
neuritis there was included in the diet of these ammals as little as 5 
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CiiAJiT 4 Weight curves oi tuo lots of young albmo rats The diet of both was free of 
"water soluble B" except as supplied by 6 per cent (Lot 477, diet 238B) and 12 per cent 
(Lot 478, diet 238C) respectively of a com extract Growth was quickly arrested 
(After Goldberger, ^Vhccler, I illic and Rogers ) 
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P - pol^nm iti^ 

CiUKT 5 GrowUi cur\C3 of young albino rats 438) whose diet during penod 1 
indudcd as the sole source of "water soluble B” 20 per cent of dned fresh beef After some 
inhnl growth there was arrest followed by loss of weight with the development of signs of 
po^cuntis in three of the animals After two of these died the diet was modified b> 
S per cent of our com extract (diet 219A) Tha was followed by dis- 
appearance of the signs of poljmcuntis in the sunisor showing these, with prompt 
tesumpUon of growth m both sums ora (penod 2) The beef contained sufficient P Phut 
*as deficient in antmeunUc The small addition of com extract supplied enough of this 
MieandR^"^ ^ ^ sodiciently to permit grow tb to talc place (After Goldberger, feeler, 
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per cent of the preparation of alcoholic extract of corn, 40 per cent of 
which as the sole source of “water soluble B” in a diet does not enable 
the rat to grow, the animals that were not too far gone recovered from 
polyneuritis and resumed growth (Chart 5, period 2). Clearly the 
alcoholic extract of corn although capable of cunng pol 5 meuritis in 
the rat does not of itself promote growth but does permit or promotes 
growth when combined with a suitable proportion of a P-P containing 
substance, such as autoclaved yeast or beef, which itself, within certain 
limits at least, neither prevents polyneuritis nor permits growth 
Thus autoclaved yeast and beef muscle were shown to contain a 
factor distinct from the pol)meuritis-preventing essential which, in 
combination wth the antineuntic, is necessary for the growth of the 
rat This factor which is perhaps identical with the yeast growth- 
stimulant or bios IS at present indistingmshable from factor P-P, 
but whether the two are really the same, as seems very probable, will 
require further study to determine 

Summing up, it may be stated that the available evidence seems to 
leave no reasonable doubt but that pellagra is caused by a faulty diet 
The primary dietary fault appears to be of the nature of a defiaency 
of a factor P-P, very probably but not certainly identical with a dietary 
essential, heretofore included with the antineuritic under the designa- 
tion “vitamin B”, which some workers have attempted to identify 
with bios. 
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CONSTITUTION AND TYPE IN RELATION TO DISEASE' 

CHARLES R STOCKARD 
Cornell University Medical College^ Nerjf 1 ork City 

From almost the begmning of medical history the role of constitu- 
tion in relation to disease has been recognized, yet in spite of the age 
of this problem very little accurate saentific knowledge is available 
beanng on an exact connection between a definite conshtution and 
the nature of its diseases 

Ultimately no doubt this problem must require much statistical 
and biometncal control but in its present phase considerable general 
morphological data are much needed It is certainlyequally as impor- 
tant to ascertain what to measure as it is to make the measurements 
Undoubtedly much time and effort have been fruitlessly spent in 
making many careful measurements of meanmgless characters One 
IS ccrtamly highly optmustic who can survey the enormous accumula- 
tion of anthropometric figures and indices without feehng a considera- 
able degree of disappointment over the almost complete absence of 
explanation or analysis of the causal elements in raaal differentiation 
The simple and very significant differences m cephalic index have 
scarcely given the shghest clue to the cause of head shapes or to raaal 
relationships The quite distinct anthropological differences between 
the two well recognized human t3rpes have indicated practically 
nothing as to their real nature or origin Many anthropologists have 
considered head shape a most important raaal feature yet if one 
should use such a entenon in classif3ung the various breeds of dogs he 
would become considerably confused The dohchoccphahc head of 
the Esquimo and the brachycephalic head of an achondroplastic man 
should cause some uncertainty regarding the use of head index as a 
raaal criterion This is not to be taken as a cntiasm of the anthro- 

'DeLaimr lecture tldivcrct] before the School of Ifygicne and Pubhc Hcaltl), Johns 
Hoplins Unnersity, March IS, 1926 
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pometric method in itself, but the way in which it has been employed 
has not proved very instructive 

Dunng the past few years there has been a decided revival of interest 
in the study of the relation between constitution and predisposition to 
disease However, in presenting the subject I have thought it best not 
to attempt a discussion of the specific problems on w'hich we are at 
present engaged, and from which only very partial and somewhat 
indefinite restilts are available but, rather, to devote the present 
consideration to the general problem of constitution and the methods 
by which this problem may be definitely approached and possibly 
analyzed. 

In the first place, before we are able to understand the relation of 
constitution and type to disease, it wmuld seem necessary to know 
exactly what "type” and what "constitution” actually mean As I 
consider the terms, type and constitution are not synonymous The 
t3rpe indicates the fundamental character of the mdimdual and remains 
fixed throughout life, while the constitution of the same individual 
changes during different life periods and may readily be greatly 
modified at any time For example, a linear type individual may 
during adult life develop mild acromegaha — this does not alter the 
type though the constitution of the person becomes greatly modified 
If pure tjrpes do exist, naturally type hybrids also occur What are 
their characteristics and how are they to be recognized and classified? 
Probably a great deal of the uncertainty surroundmg the connection 
betw'een constitution and disease results from the fact that there is no 
clean cut agreement as to what the different constitutions actually 
represent. From the medical standpoint scarcely anyone has sought 
to determine the basis or origin of a definite type or constitution 
There must be some uniform criteria for contrasting the several 
kinds of constitutions, and before this is clearly determined it is 
difficult to proceed An accurate study of constitution itself seems 
to me the problem of first importance 

The general study of the whole subject has, however, largely pro- 
ceeded the other way around Physidans interested in disease have 
more or less intuitively come to believe that certain types of people 
do exist and seem predisposed to particular kmds of diseases There 
is often a pronounced diathesis on the part of a given patient towards 
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particular diseases There is, for example, the tubercular tendency 
Many discerning physicians are more or less successful in recognizing 
these tubercular disease types But when the unmitiated seeks a 
descnption of the particular type it is most difficult, if not impossible, 
to obtain it except in vague, general and indefinite terms, and in 
almost no cases has serious study been devoted to the very important 
question of the nature, origin or development of the given type or 
to the very fundamental question, — ^whether an actual type is really 
concerned 

\\Tiat IS there peculiar about the composition or constitution of the 
particular patient which causes him to be subject to tubercular dis- 
ease m contrast wuth the more resistant individual? Is this difference 
genetic or developmental in origm, or both, or is it due to diffenng 
degrees of an acquired reaction on the part of persons who have been 
subjected to some definite and pecuhar environmental stress or 
condition? The answers to such questions as these are certainly 
necessary for a better understanding of the problem 

The physiaan studying constitution frequently confines his atten- 
tion to only one life penod of the individuals involved, and usually 
to the most static penod, the adult Dr Draperinhis recent anthropo- 
metnc study of certain disease groups has confined his material to 
persons between the ages of eighteen and sixty Such restriction 
eliminates almost all growmg and dcvelopmg individuals as well as 
many of the important late senility conditions A study of such 
groups leads one to overlook arrested and childlike tendenaes in 
particular persons as well as many abnormal secondary growth reac- 
tions The rare occurrence of a typically adult disease among children 
may furnish a simpler clue to the constitutional diathesis than the 
studj of great numbers of adults with this disease Deviations and 
odd conditions often give the plan away more deadedly than routine 
happemngs 

Constitution itself is not a static or fixed affair but is a dev'elop- 
mental condition depending upon the genetic composition of the 
individual to a large extent, but also depending in a most important 
degree on the manner of development and grow th The constitution 
nf a given individual is actually a different thing at different life 
periods In tins way constitution is to be differentiated from tiTie 
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which, as a rule, is characteristic and true for the individual through- 
out life— type is, as it were, the static element which underhes the 
changing constitution 

The prenatal period is probably the most important m determining 
all later constitutional conditions since at this time the actual gross 
body form and structure is being laid down and any environmental 
peculiarity may exert a marked influence on the course of develop- 
ment and may actually determine whether the individual will 
develop in a normal well-ordered fashion or into a deformed, 
cnppled and deranged specimen This prenatal stage, although prob- 
ably the most important and the one on which all subsequent hfe 
stages directly depend, has been largely neglected and is almost 
unknown to the majonty of physicians A clearer understanding of 
the relation of constitution to type and to disease may be actually 
obtainable through a consideration of the embryonic and foetal 
development which has produced a given individual 

The constitution of babyhood is quite different from that of child- 
hood The undifferentiated and undeveloped baby reacts differently 
to the various types of food and other stimuli from the way in which 
the child does The constitution of the child becomes considerably 
revolutionized at the time of puberty and the general reaction at this 
time is not entirely predetermined but may be modified by various 
environmental conditions, and youth, after puberty, passes through 
a stage of growth and maturity which largely depends on the success 
of the puberty changes themselves. Much is to be appreciated re- 
garding the controlling elements in constitution by a study of these im- 
portant changes The final adult constitution is therefore a somewhat 
uncertam accomplishment which has been affected and influenced by 
both internal and external factors that have acted on the organism 
from the early stages of development until the final adult condition 
has been reached Through aU these vanous age periods of the con- 
stitution there exist distinct type differences which separate one group 
of age constitution from another 

Certain races tend to show characteristic constitutions which may 
differentiate them from other races in various ways, but aside from the 
general tendency of a well marked race to exhibit a more or less uni- 
form raaal constitution, there are individuals among all races which 
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sho^\ w idely di\ ergent constitutions, diffenng entirely from the average 
pattern Such individuals are either due to developmental deviations 
from the general pattern or to genetic modifications, and they are very 
important m analyzing the nature of the normal race pattern 

From the above, as indicating the general situation, it becomes 
evident that we must determine whether different types actually do 
exist and what are their natures and general charactenstics, smce on 
these tj-pe differences constitution largely depends A ready iva> to 
proceed may be to review in a general manner the information 
obtained from a study of lower forms If types exist among the hu- 
man population. It is quite probable that smular types also occur 
among other mammalian forms, particularly the domesticated 
ammals 

I have been led to believe during the past few years that certain 
domestic mammals, such as dogs, exhibit in a pronounced way, a 
great many of the so-called types which have been recognized among 
men In these lower forms many such Ijiies have actually been 
selected and preserved for centuries in some cases, and now constitute 
rather typical breeds or races of ammals The structural, physio- 
logical and psychological charactenstics of a giv'en breed are quite 
defimtely maintained By attempting to analyze these breeds 
through a companson with certain expcnmcntal results, as well as 
with distorted developmental conditions, I believe we shall succeed 
in getting important mformation for a more logical understandmg of 
the human conditions 

Before considenng the types themselves we may briefly review the 
possible hereditary background of some exaggerated conditions in 
relation to certain disturbances and changes in the germ plasm It has 
long been recognized that certam germ-cells in a normal parent may 
be weak and defective and it frequently happens among apparently 
good stock that pccuhar genetic abnormalities ansc A v ery striking 
case in point lias recently been presented by Sew all Wnght from 
genetic studies on gumea pigs A family of guinea pigs from ordinary- 
stock began to produce a more or less definite abnormality affecting 
the development of the lower jaw and the position and development 
of the cars, a condition of otocephaly The lines giving this peculiar 
condition were definitely recorded and all such animals could be traced 
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back to a single brother-sister mating The descendants from 
mating, however, showed very different tendencies Certain bran 
arising from the common ancestry failed entirely to show any abnoi 
development, while in other branches of the family a very high 
centage of otocephalic individuals occurred in one generation i 
another Dr Wright found, on analysis, that this condition 
transmitted as if multiple factors or a number of genetic unit 
genes were involved and the abnormahty had probably arisen thrc 
some spontaneous modification in the genetic composition of 
animals The defect itself, however, is of the nature of a tyj 
development arrest and without knowledge of the breeding rec 
one would be inclined to mterpret this situation as due to si 
developmental disturbance rather than to an heredity cause 
Modifications closely comparable to the above have been prodi 
in experimentally treated animals Certain chemical treatm 
when administered to guinea pigs and other animals seem to al 
some of their germ-cells in a general way, causmg these to give ns 
poorly developed or actually abnormal indi\aduals The constitu 
and probably the type of these individuals are decidedly modified 
differ from those of the general stock An interesting result of 
kind has recently been reported by Bagg and Little Mice from v 
knovra stock were subjected to short treatments by x-ray 
first few generations of descendants from these treated animals r 
quite normal but during later generations very peculiar abnormal] 
appeared and, by selection, it was possible to secure ammals wl 
produced offspnng everyone of which showed underdeveloped i 
abnormal eyes. Among the same group of animals an abnormal 1 
ney condition occurs, some individuals showing a complete absenc 
both kidneys while others may have abnormal kidneys or may h 
one normal kidney with the other entirely absent A line of anin 
has been selected which breeds almost 100 per cent pure for kid 
defects Whether these peculiarities were actually induced by 
x-ray treatment or not is at present impossible to say since the exp 
ment has not been successfully repeated, but for our present considt 
tion this is unimportant The fact of real interest is that a pecu 
genetic composition has arisen in this race of mice which causes th 
to produce peculiarly defective specimens The constitution of si 
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individuals is highly modified and they are certainly subject to definite 
structural diseases which are extremely rare among the stock popula- 
tion m general A few other cases imght be cited to show that the 
hereditary matenal itself may possibly become altered or modified 
so as to give origin to pecuhar developmental processes which ulti- 
mately predispose the individual to very definite types of physical 
disease 

The nature of many of these defects which are definitely found to be 
germinal in ongm is surpnsingly similar to other defects which are 
induced by simply arresting the development of a typically normal 
embryo In other words, the germinal modification seems to have 
caused simply a lowered developmental potential rather than to have 
altered any particular genetic character WTien embryos are arrested 
at exact stages of development certain organs and parts are inhibited 
and modified in theu- structural development It has been clearly 
demonstrated that these defects, which definitely modify type and 
constitution, are induced by disturbed development The most 
convinang proof of this is show n by the frequent differences in develop- 
mental success attained by the two components of a double monster or 
united twm mdinduals It commonly happens among joined or 
united twin individuals that one component is arrested or handicapped 
in Its development while the other develops perfectly normally In 
tlus case there can be no doubt that the abnormahty of one mdmdual 
IS solely due to some developmental disturbance smce the genetic basis 
of both components must necessanly be identical These examples 
of general modification resulting from disturbed embryonic develop- 
ment are of course quite monstrous and exaggerated m their condition, 
yet I believe that milder expressions of many such conditions as these 
are most important elements m the general determmation and develop- 
ment of the different kinds of individuals among the normal popula- 
tion Various human types, as w ell as the tjqies among low cr ammals, 
should be clearlj recognized as definite growth reactions whicli result 
from slight distortion in either the internal or external factors w hich 
affect development Among extreme cases it is often easy to demon- 
strate this fact and also to show something as to what the cause has 
been Since as a rule an almost complete senes of gradations exists 
from these extreme cases, up to the really normal mdmdual, we are 
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finally justified in presuming that the slight deviations may be of the 
same general causal origin as are the more pronounced gross deformi- 
ties 

We may now examine some of the more usually recognized and 
accepted types and shall again start vith rather extreme forms 
All physicians recognize several classes of dwarf persons. The best 
known and at present probably the best understood dwarf is the 
ordmary thyroid cretin This mdividual in the typical case is largely 
infantile and almost completely arrested in a state of development 
comparable to early childhood The condition is definitely known 
to be due to an extremely defective or absent th3nroid gland, and is very 
characteristic and readily recognized m spite of the various raaal 
groups or even animal species among which it occurs It would seem 
to be a definite developmental affair. There is no genetic basis 
necessarily concerned yet it is not at all impossible that such condi- 
tions might arise from definite germinal causes 

Other types of dwarf, such as midgets and achondroplastics, are 
probably of somewhat more complex origin, and such dwarfs exist in 
typical form among dogs and among other of the lower animals 
There is an hereditary backgroimd for their condition and such ani- 
mals may be bred with a high degree of constancy, yet the expression 
of the condition is quite variable and rigid selection is constantly 
necessary to maintain a fixed quality of the stock The King Charles 
Spaniel and the Pekingese breeds of dogs are midgets with considerable 
achondroplasia, and these also show rather marked exophthalmic con- 
ditions The thyroid and other glands of internal secretion in these 
dogs show certain peculiarities in their histological structure and the 
function of the glands is considerably disturbed The general 
modified structure and shape of the animal results very probably from 
these modified internal secretions, and yet the peculiar condition of 
the glands of internal secretion is very likely inherited in either a direct 
or secondary way. In other words, it seems at present that these dog 
breeds actually inherit a peculiar gland modification and, as a result 
of this modification, their entire growth pattern is distorted and modi- 
fied Their physiological and psychological performance is also pecu- 
liar, and quite characteristic of the definite individual type or breed 
The breeds of dogs are known as groups to be either gentle or shy, 
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kind, or irntable and snappy, stupid or intelligent, as the race may be 
Persons having known one fov-temer mil knew much about all fox- 
temers but would find a very different character and behavior for a 
pointer, a bull-dog, or any other breed 
The French bull-dog and the British bull-dog shou marked achondro- 
plasia associated mth different degrees of dwarfism The causal 
factors here are quite similar to those just mentioned These animal 
types exhibit very characteristic reactions which distinguish them 
more or less from the ordinary dog breeds, such as pointers and 
setters, in a great number of ways 

The point of particular mterest to us is that the type peculianties 
exhibited by these dogs are very closely comparable to the peculianties 
found m human individuals of these same general types 

Among the dogs, gigantism is shown by the Great Dane, St Ber- 
nard, Newfoundland, and others, and here, as in the human being, 
gigantism is very commonly assoaated with acromegalia It would 
seem both in dogs and man that dwarfism and achondroplasia hke 
gigantism and acromegalia are usual combinations Here agam 
among these giant dogs, such as the St Bernard, one finds general 
charactenstics and behavior closely suggesting that of the human 
acromegahe giant The voice and disposition are actually strikingly 
similar 

A discussion of these extreme types might be earned stdl further, but 
It seems quite evident I beheve from these few examples that the 
nature of the type or constitution in these cases is definitely associated 
wnth somewhat pccubar and modified growth conditions probably 
brought about m response to altered glandular reactions The cause 
of this glandular alteration may have been pnmanly genetic Here 
again one finds all gradations from these extreme glandular conditions 
back to the ordinary normal individual If we examine more care- 
fully the so called normal individuals, good observers may frequently 
note slight indications of the conditions considered above The 
structural expression of indivnduals oscillates between certain deli- 
cately balanced growth tendencies which are greatly influenced by the 
conditions under which the individual develops 
In studying both embryonic development and postnatal growth I 
have been led to beheve that the rate at which grow th or development 
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occurs is a most important factor in determining the type and quality 
of the resulting structure An individual that grows and dijfferentiates 
rapidly, in the end shows a slightly different pattern from another 
which grows and differentiates more slowly The rate of growth is 
no doubt dependent upon the rate of metabolism or rate of oxidation 
in the particular individual and, as far as our present knowledge goes, 
the one organ in the body having most to do in the long run -with the 
rate of metabohsm and growth is the thyroid gland It may be that 
the slight differences in the activity of this gland have more or less to 
do with differentiating individuals mto constitutional types 
When we study human beings as a group we find after careful in- 
spection and on the basis of extensive anthropomorphic data that 
there tends to be m general two quite clearly contrasted types The 
literature of anthropology indicates with surprising repetition that 
almost all anthropologists have originally recognized two human types 
Roughly speaking, these are the long heads and the round heads It is 
also true that when anthropologists have gone further with their studies 
they have become confused and have recognized m addition to the two 
original types a great number of other so-caUed types When we look 
at the situation from a simple biological and developmental standpoint 
it seems easier to consider all the intermediate types as hybrids or 
mixtures of the two contrasted groups A few years ago I attempted 
to point out the various contrasted characters in the two types and 
suggested that these simple differences in growth and development 
might result from slightly different metabolic rates in the two groups 
This difference m rates of development was further associated "With the 
thyroid activity of the individuals and this, in turn, might be decidedly 
influenced and affected by the nature of the environments m which the 
persons chanced to hve for many generations In general, it seems 
that all old and more or less sedentary races residmg near the coast 
lines tend m type toward w^hat is designated as the hnear or high 
th)Toid t3Tpe, while the midcontinental people far removed from the 
sea and the source of iodine tended in the majority of cases to show a 
more rounded condition, a physiologically low thyroid or lateral type 
Since so many investigators m different fields have recognized these 
tivo types among human bemgs it seems strongly probable that such 
individuals actually exist and are tjqiically differentiated from one 
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another The differences between the tiv o types are not only show n in 
many measureable morphological characters, but are equally endent 
in their physiological reactions and certain psychological tendenaes 
These types have also been recognized by psycluatnsts, w ho have de- 
signated certain distinct differences between them, as introverts and 
extroverts, sduzophrenic and cyclothymic and by numerous other 
terms 

The question of immediate connection and interest is whether, if 
these types do exist, they show different tendenaes or diatheses 
towards the different diseases Various clinicians from time to time 
have attempted to show' that there are definite disease tendenaes 
assoaated with certain type differences Much of this work has been 
quite unsatisfactory , being very largely intuitive and impressionistic 
m nature There is veiy little actually good quantitative data for 
consideration 

Recently, Dr George Draper in New York has been conducting a 
study of vanous disease group individuals He has not arranged the 
patients accordmg to what might be considered type but has taken all 
individuals that actually showed a given disease and grouped these 
together The measurements of the several groups have been com- 
pared Many of his results are very important and arc of consider- 
able interest The group comparisons often lend themselves, how’- 
e\er, to further and different interpretations from those which Dr 
Draper has pointed out From this study of six different diseases, his 
curves and figures seem to indicate that only two of the disease groups 
are probably' composed of a definite human type The other groups 
are quite mixed m their characters and are probably composed of what 
one might term type crosses or hy'bnds These disease groups differ 
from one another in more or less irregular w ay’s and arc not uniformly 
contrasted It must alwaysbc recognized that a certam constitutional 
conditon may’ show the diathesis for a particular disease entirely aside 
from the actual type of the indmdual Draper makes no attempt to 
clieck against this fact We really have few facts to indicate that tlic 
constitution as such is evidenced in a definite way by particular physi- 
cal measurements A suprarenal depression, for example, may con- 
^derably modify constitution without altering physical measurements 

uch conditions must be recognized bv morphological appearance 
and the peculiar physiological rcictions 
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Draper’s group that suffered from gall-bladder disease seems from 
the measurements to be composed largely of lateral type individuals, 
and the contrasted group exhibiting gastric or duodenal ulcer seems 
to be quite uniformly composed of linear type persons 

Members of these two disease groups are quite consistently con- 
trasted with one another throughout the various measurements and 
indices which Dr Draper has employed Of course, it is not certain 
that all of his measurements or indices actually have any value or 
significance for type distinction since such a value for many of them 
has not been established Certain physical proportions might readily 
be common to the two types just as hair and eye color are It would 
not be expected, therefore, that these two groups should contrast in 
every way in which Draper has compared them, but certainly in many 
ways, and in all of those thought to be the most rehable qualities for 
type distinction they are definitely contrasted Even to fine detail, 
such as toothpattem and hand and nail shapes, the ulcer group and 
the gall-bladder group exhibit the characteristics which have been 
pointed out by various investigators for the hnear type and the lateral 
type respectively. 

Sex of course is one of the most important factors in influencing both 
the constitution and the type of the individual, and very probably sex 
plays an important part in disease tendencies Sex differences in the 
inheritance of haemophilia and other diseases indicates the importance 
in constitution of sex composition. As I have recently pointed out, 
the significance of sex constitution is also strikingly shown by the direc- 
tion of the morphological changes which follow the removal of gonads 
m mammals and birds Among the mammals where the female is 
believed to be homozygous for sex, having in her cells two X chromo- 
somes, and the male heterozygote having only one X, the castrated 
or spayed individual as the case may be approaches in its general 
structural trend the female or homozygous sex. While among the 
birds with the male instead of the female homozygous for sex, the 
castrated and spayed individuals approach in their structural changes 
the general male appearance instead of the female 

It is interesting to find that in Draper’s ulcer group which is com- 
posed largely of the typical hnear mdividual, the female is very rarely 
included. This disease would seem to be in the large majority con- 
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fined to males The linear type is rarely so fully developed or so v, ell 
expressed by the female as by the male In brother-sister groups, for 
example, the cephalic index is almost invariably higher among the 
females than among the males, and the female is more often rounded 
or lateral m her general structure than is the same class male If 
gastric ulcer is a Imear type disease then females might rarely show it 
as they are not usually of the pronounced hnear type On the other 
hand, it was found that in the gall-bladder disease group, the females 
predominated and tlie males of this group were rounded, fat, avirile 
individuals Here again the round type is more fully expressed by the 
female than by the male in a mixed population The general metabo- 
hsm of the female is probably loner than for the male, as is mdicatcd 
by her structural condition and reaction, although the difference may 
not be of such a magnitude as to be momentanly measured by the 
calorimeter 

The only other quite typical disease group shown by Draper’s 
measurements was a small number of aaomegahes These of course 
are readily differentiated by ordmary morphologic entena The 
pernicious anemia group tended m their measurements very dcadedly 
to approach the acromegahes They had very large subcostal angles 
and had an average profile that tended toward the acromegahe picture 
These anemic persons may by some possibility be a peculiar deviation 
from the bone grow tb state of the acromegalics Both conditions may 
ha\e some connection with calaum metabohsm, and blood disturbance 
and bone disturbance in this way ma> be somehow mterrelated 
It IS most difficult at the present time to give any clear-cut or definite 
treatment of the relationship between human constitution and certain 
disease conditions However, our present hnow ledge of inhcntancc 
and development along with a clearer understanding of the actions 
of the mtemal secretions in affecting bod> growth and form give 
present mvcstigators a great advantage over earlier workersm under- 
standing the relation of constitution to disease The fundamental 
thing in this problem is in the first place dearly to determine the con- 
trolhng elements in the development and differentiation of human 
constitutions Until w c actually understand the causes on account of 
which one constitution differs from another, it is most difficult to 
Understand what their actual disease reactions mean If there is any 
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direct connection between the constitution or the type and certain 
disease inclinations it then becomes highly important to devise more 
clean-cut scientific methods for distinguishing type Type cannot be 
designated intuitively with actual rehabihty and there must be es- 
tablished some quantitative basis on which it may be clearly diagnosed 
We must determine which are the important charactenstics and fea- 
tures to be measured, remembering that soft parts may frequently be 
as characteristic as bony structures though not so easy to study and 
hence their neglect at the present time by anthropologists m general 
The entire subject of constitution, therefore, is one urgently de- 
manding study and investigation An initial appreciation of extreme 
types and large deviations from the normal along with the way in 
which these function, and react to disease, will give a more scientific 
appreciation of mmor deviations and the normal types themselves 
Such knowledge will be of value m both preventive and curative 
medicine This need not m any sense mean that persons able to 
distinguish types may further predict the kind of diseases that a 
given individual will some day develop The hope is rather more 
in the direction that when type is clearly known we shall be better 
able to understand how a patient will react to a particular disease 
An appreciation and understanding of the patient is certainly one 
of the greatest advantages the physician can hold in his effort to con- 
trol and alleviate disease The most important element in the com- 
plex situation of disease is the actual human individual involved and 
all effort and study towards an understanding of this element will 
scarcely be energy misdirected 
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I iNTRODUCriON 

A very extensive literature is to be found on the subject of birth 
injury of the central nervous system Even in the last few years a 
number of important contnbutions have been made to the under- 
standing of this important problem The various types of intra- 
cranial lesions which may occur in the passage of the infant through 
the birth canal have been descnbed with a detail and accuracy which 
leaves little to be desired and a very good understanding of the causes 
which lead to their production has been attained On these patho- 
logical and obstetrical phases of the subj'ect there is httle to be said, 
because a very substantial agreement has been reached by most 
authorities On the other hand, when we turn to the consideration 
of the late results of such birth injuries we find little exact information 
and the greatest difference of opimon All types of congemtal paraly- 
ses, athetosis, epilepsy, amentia and even hydrocephalus have been 
attnbuted by various authors to birth trauma often without the 
slightest evidence It is the purpose of this paper to attempt a more 
exact defimtion of the group of true cerebral birth injunes This 
work is the outcome of some unpubhshed expenmental investigations 
which the writer has performed in association with Dr Charles 
Bagley 

The matenal on which the foUoiving studies are based was obtained 
almost entirely from the records of the Harriet Lane Home for Chil- 
dren by the courtesy of Dr John Howland Case histories are also 
included from the records of the Surgical Department by permission 
of Dr Walter Dandy, and from the Obstetncal Department by per- 
mission of Dr J Whitndge WiUiams I am indebted to Dr W G 
MacCallum for permission to include the pathological matenal 

The frequency and importance of birth injury is easily demonstrated 
by a few figures One of the first important contnbutions to the 
morbid anatomy was made by Weyhe (1) in 1888 He pubhshed the 
autopsy findings of 959 still-bom babies Intracramal hemorrhage 
was found in 122 of these Spencer (2) found hemorrhage in 40 per 
cent of his cases, Schott (3) in 30 per cent, Deluca (4) in 36 per cent, 
Schafer (5) in 20 per cent of 680 cases, Archibald (6) in 43 per cent, 
Warvnck (7) in 43 per cent, Pierson (8) in 44 per cent, and Crothers 
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(9) in 65 per cent Even higher percentages of intracranial hemor- 
rhages are found in exceptional conditions such as breech dehveiy or 
prematunty Ylppo (10) found injury of some degree in 90 per cent 
of premature infants It is probable, however, that authors who find 
high percentages of intracranial hemorrhages include many small 
lesions which do not contnbute to death Holt and Howland (11) in 
summary of the figures obtained at the Sloane Hospital in New York 
state that about one-third of the deaths at birth, or in the fiirst few 
days, are due to comphcations of labor 
There is some evidence that intracranial hemorrhage occurs in 
babies who survive and who may even show no chmcal signs of birth 
injury IVeyhe, Doehle (12), Kundrat (13) and others have found old 
blood pigment in the menmges of children up to mne months of age 
who have given no evidence of birth injury at the time of birth 
Recently Sharpe (14) has pubhshed the results of routine lumbar punc- 
ture in fi\ e senes of 100 new-born babies each In most cases the 
spinal fluid was removed in the first twenty-four or forty-eight hours 
An average of 9 per cent of all new-born babies had bloody fluid 
Very few of these showed any chmcal signs of birth injury Hines 
Roberts (15) has also performed lumbar puncture routinely on 423 
colored babies and found blood in 60 fluids, or 14 per cent Only 26 
showed chmcal signs of cerebral lesions and of these 12 died It is 
obvious that these figures can not be accepted as conclusive, because 
It IS not always possible to distinguish bleeding caused b> the needle 
from fresh blood already in the spinal canal It would seem preferable 
to defer lumbar puncture until tlie third or fourth day when any blood 
resulting from a birth injury would be tinged yellow and so easily 
recognizable Nevertheless, these figures are not to be lightly dis- 
regarded as both authors have taken into consideration the causes of 
error and their figures arc in substantial agreement It is evident 
that intracerebral and subdural hemorrhages will not always reacli the 
the spinal fluid In fact, blood m tlie vcntncles or tlie anterior sub- 
arachnoid space maj not reach tlie spinal fluid at once 
In summarj , the conclusion seems justified that a verj' large per- 
centage of babies djang at birth, or wathin the first hvo weeks, show 
intracranial hemorrhage at autopsi In onl> about one-tlurd of tlie 
cases, how tier, is this hemorrhage extensile enough to cause death 
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There is some evidence that a small percentage of new-born babies, 
who seem normal, or at most show mild signs of intracranial hemor- 
rhage, have blood in the spinal fluid. 

II. Pathological Anatomy of Cerebral Birth Injury 

A. EARLY 

A great variety of lesions has been ascribed by many different 
authors to birth injury Weyhe descnbed 122 cases of intracranial 
hemorrhage in the new-born In 80 cases the bleeding was subdural, 
in 56 subarachnoid, intracerebral in 35, and intraventricular in 21 
McNutt (16) found hemorrhages over the convexity in 8 cases and 
hemorrhage at the base in 2 Spencer reported bilateral hemor- 
rhages over the convexity in 29 cases and unilateral in 20 cases In 
35 cases the hemorrhage was at the base and 7 times into the ventricles. 
Only 1 case showed hemorrhage into the substance of the brain. 
Warwick’s cases showed bleeding over the convexity in 13 cases, 
bilateral in 7 and unilateral in 6, into the dura mater in 2, over the 
cerebellum in 1 , and into the ventncles in 2 cases In 2 cases of memn- 
geal hemorrhage there was some softemng under the clot In no case 
was there any primary intracerebral bleeding In summary she 
states, “AU authors agree on the preponderance of bleeding over the 
cerebrum, usually limited to one side ” Cushing (7) stated in 1905, 
“All extensive hemorrhages I have seen have been limited to one 
hemisphere and I am inclined to think the unilateral form is more 
common ” 

Holt and Howland’s text book describes the findings as follows* 

The hemorrhages may be large or small If small, they are frequently 
multiple and are foimd scattered over the convexity. Large 

hemorrhages may be at the base or at the convexity Convexity 

hemorrhages are rarely limited to one hemisphere, although one side may 
be much more affected It is usual for the blood to gravitate towards the 
base and become diffused. Hemorrhages between the dura and the 

skull may be said never to occur except when associated with fractures. 

In large hemorrhages the brain substance is softened and in places 
may be quite dismtegrated Hemorrhages into the membranes of the 
upper part of the cord are found m a large proportion of fatal cases 

Beneke (18) and several others have emphasized the frequency of 
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hemorrhage at the base and m the posterior fossa Sietz (19) has 
claimed that the bleeding is at the base m half of all cases 
Schwartz (20) has found intracerebral hemorrhages and necrotic 
areas in a large percentage of children dying m the first sis months of 
hfe The most common lesions were petechial hemorrhages and 
mmute necrotic areas in the central white matter and basal gangha 
around the third and lateral ventricles These are definitely related 
to the distnbution of the tributaries of the vein of Galen, the vein 
laterahs ventncuh, vein choroids and the ventncular branch of the 
vein basahs Such lesions are usually rmnute, but very extensive 
destruction of the central white matter and basal gangha may result 
In rare cases one or both heimspheres may be partially destroyed 
He also descnbes several cases with cortical softenmgs which he relates 
to meningeal hemorrhages In addition to these gross lesions 
Schwartz found evidence of a diffuse destruction of nerve tissue in a 
large percentage of mfants Brains which seemed normal grossly 
showed on nucroscopic exammation numerous fat-laden phagocjdes 
scattered throughout the bram as well as m small foci Schwartz 
insists that the presence of phacocy tes is always mdicative of a patho- 
logical process and they are not to be found in new -bom animals, 
whose brains are protected by sohd skulls Fisher (21) and Siegmund 
(22) have descnbed siimlar lesions 

Extradural bleedmg, always associated with fractured skull and 
usually with laceration of the bram, has been descnbed by Archibald 
and Ballance (23) 

Crothers (24) and Pierson have shown that mjuncs to the spmal 
cord and hemorrhage mto the spmal canal with, or without, fracture 
of the spme are not uncommon espeaally m breech extraction 

Intraventncular hemorrhages were descnbed by Ballantjme (25) 
and Eastman (26) Hemorrhages mto the retina have been noted by 
Stumpf and Sicherer (27), Paul (28), and Jacobs (29) m from 20 to 
50 per cent of all ncw-bom babies Voss (30), has been able to 
demonstrate bleedmg mto the inner car m some cases 

In recent analysis of the autopsy findmgs m 80 cases of stiU-birth 
or neonatal death. Capon (31) gives the foUowmg sources of mtra- 
cranial birth hemorrhage 

1 Small tentorial v essels coursing along tlic fibers of the tentonum may 
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be torn, the blood then collects in a film upon the upper surface of the 
cerebellum or upon the upper tentorial surface draining posteriorly around 
the ocapital lobes. 

2 Vena Magna Galeni, which is frequently distorted during the moulding 
•of the head, may rupture at the point where the straight smus is formed 
The blood collects posterior to the mesencephalon and drains downwards 
around the cerebellum, pons and medulla 

3 Cerebral vems, near their termmations m the superior longitudinal 

•smus, may be injured The effused blood flows downwards in the 

subdural space Usually the hemorrhage is unilateral, but sometimes it is 
hilateral 

4 Superior longitudmal sinus, transverse sinus and straight smus It is 
only m the most severe types of birth-injury that such examples are found. 
The infant is almost invariably stillborn 

5. The mternal cerebral veins, for instance the choroidal vems, may be 
■damaged. These examples are rare, and are found almost exclusively in 
stillborn premature infants The blood-collection may occupy the lateral, 
third and fourth ventricles, blood is also frequently found m these cases 
within the spmal membranes 

In summary we may say that in autopsies on the new-born large 
intracranial hemorrhages are frequently foimd These are usually 
subdural, less often subarachnoid, and are situated with about equal 
frequency over the convexity and at the base When the bleeding is 
over the convexity it is bilateral in about one-half the cases, but in 
most of these cases the amount of blood is unequal on two sides 
Generally the blood diffuses throughout the subdural space and no 
softening of the cortex occurs, but local hematomas may occur and 
cause cortical softenmg At the base large hemorrhages spread 
promptly throughout the menmgeal spaces Minute intracerebral 
hemorrhages are not uncommon in the central gray matter and brain- 
stem, and even large extravasations into the substance of the brain are 
sometunes found Diffuse degenerations and focal necroses under the 
ependyma may be demonstrated m some cases Fracture of the skull 
ivith extradural hematoma and fractured spines with injury to the 
spinal cord are not rare Retinal and mner ear hemorrhages may be 
demonstrated 
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B LATE 

There does not seem to be any general agreement among neuro- 
pathologists about the late pathological anatomy of intracranial birth 
hemorrhages A great vanety of lesions has been ascnbed to this 
cause without any proper evidence Indeed, the same end result 
may be due to several initial processes so that it is often impossible to 
distingmsh between prenatal, natal and postnatal disease The most 
important problem is the outcome of the very common subdural, or 
subarachnoid, hemorrhage over the convexity Buzzard and Green- 
field (32) say vaguely, “Such extravasations (subdural) are, accordmg 
to some obsen'ers, the cause of some cases of mfantile hemiplegia or 
diplegia The results of intracranial hemorrhage, whether 

subdural or subarachnoid in cases which survive are very 

similar The coagulum is partly absorbed and partly organized so 
scar tissue, with or without the presence of cysts, forms the perma- 
nent remains” (11) Sachs (33) states that chronic “meningoenceph- 
alitis” sclerosis, cysts and partial atrophies are the late results of 
meningeal hemorrhages and Holt and Howland are in essential agree- 
ment with this view It seems probable, however, that some of the 
cases whicli were formerly desenbed as examples of “meningoenceph- 
ahtis” are really properly classified as “atrophic lobar sclerosis” 
whidi IS unrelated to birth mjury 

In discussmg the late results of meningeal hemorrhage it seems help- 
ful to distinguish between diffuse hemorrhages in the subarachnoid 
and subdural spaces, and local or encapsulated hematomas It is 
probable that hemorrhages which diffuse do little damage to the cortex 
and either cause death from mcrcascd mtracranial pressure or are 
absorbed without Icaaang any lasUng injury to the cortex Blood 
extravasated into the subarachnoid space is rapidly absorbed and 
usually does not leave anj marked changes in the leptomemnges 
The wnter has exarmned the brains of two patients who had suffered 
repeated intraventricular hemorrhages over a period of a j car in one 
case and two months in Uie other In both cases tlierc was merely 
some yellow staining and a scarcely perceptible tluckening of the 
pia arachnoid Yet there had been large amounts of blood in the 
spinal fluid Sjanonds (34) mentions the case of a man w ho survaved 
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subarachnoid hemorrhage and died of an intracerebral hemorrhage 
several months later At necropsy no evidences of the first hemor- 
rhage could be found It is well known that any considerable amount 
of blood in the subdural space is organized and leaves a fibrous mem- 
brane under dura This fact is supported by chnical experience with 
various types of “hemorrhagic pacchymeningitis” and by the results 
of experiment Putnam and Cushing (35) state that when blood is 
injected experimentally under the dura it is organized from the dural 
surface and a fibrous, cystic membrane remains attached to the under 
surface of the dura It has been pointed out in the precedmg section 
that meningeal birth hemorrhages are usually m the subdural space 
and even in case the blood ruptures into the subarachnoid spaces the 
major part of the blood remains under the dura It is evident, there- 
fore, that we may expect to find evidence of old meningeal hemorrhage 
in the subdural space 

It is a common observation among surgeons that the brains of 
epileptics and diplegics show opacities of the pia-arachnoid and col- 
lections of fluid m between the sulci Sharpe (36) states that tlus is 
the result of a meningeal hemorrhage at birth which has been partly 
organized This appearance may be deceptive, however, and 2 cases 
are included in this paper which showed an apparent thickening of the 
pia-arachnoid at operation, but at autopsy the meninges were grossly 
and microscopically normal It seems probable that this apparent 
thickening is really merely a menmgeal edema, and not to be regarded 
as in any way the result of a birth injury 

Campbell (37), Tredgold (38), and Cushmg have described localized 
cortical defects and scars which they attnbute with reason to localized 
menmgeal hemorrhages produced by birth trauma Tredgold gives a 
good description of a lesion m the bram of an epileptic with nght hemi- 
plegia which dated from birth The patient died at the age of thirty- 
three At autopsy the lesion was confined to a triangular area over 
the left hemisphere with its base at the great longitudinal fissure and 
its apex at the anterior part of the Syhuan fissure. Over this area 
the pia-arachnoid was opaque and thickened and could not be removed 
without decortication The underlying convolutions were somewhat 
distorted and atrophied Microscopic examination showed a dinunu- 
tion of nerve cells in the affected areas and a secondary proliferation 
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of gbal tissue The opposite hemisphere was normal and no recent 
degeneration could be demonstrated by the Marchi method In the 
cord the motor path from the left hemisphere was dimmished and 
sclerotic The dura mater was normal Campbell wntes as Mows 

In addition to the microgyrous condition affecting idiots, described in 
the foregoing section, there is one which is very common, and though more 
frequent in the parietal and occipital lobes than elsewhere, is not restricted 
to any particular part of the brain The diseased area vanes in extent and 
IS represented by a small nucleus of puckered and contracted, or wholly 
destroyed gyn surrounded by others which are attenuated and sclerosed, 
but not deformed There may be more than one lesion, and m any case 
considerable cerebral deformity and asymmetry results I have 

seen many cases and the distribution of the lesions and tlie constant signs 
of postnecrotic destruction m the center of the area suggests a vascular 
lesion at birth or soon after 

Cushmg shows an illustration of a small defect in one paracentral 
lobule causmg paralysis of one leg This he says resulted from birth 
injury 

The possibihty that meningeal or intraventricular hemorrhage may 
result m organization and obstruction of the aqueduct of Sylvius or 
the subarachnoid spaces and so cause hydrocephalus has been sug- 
gested The discussion of this problem will be reserved for a later 
chapter Suffice it to say here that any large amount of blood m the 
memngeal spaces will invanably cause a severe reaction, mcreased 
intracranial pressure and, in infants, enlargement of the head 

One more condition must be mentioned among the possible late 
results of menmgeal hemorrhage Schwartz, Durham and Gersten- 
berger (39), Doehle and many older authors, have suggested that 
“hemorrhagic pacchymcningitis” of mfancy might bear some relation 
to birth injury This problem is a very mtneate one and can not be 
adequately discussed here However, Putnam and Cushing m their 
interesting paper on “Chronic Subdural Hematoma” have shown 
that m cases of traumatic subdural hemorrhage large endothelial Imed 
spaces form under the dura and eventually become connected with 
the capillaries and filled w ith blood These structures arc v ery fragile 
and, it IS beheved, that they may' rupture and cause the hematoma to 
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grow It is possible that a slight injury to the head of a child with 
such a hematoma as a residuum of birth injury might result in further 
extravasation and the development of dmical symptoms Burham 
and Gerstenberger beheve that there are two factors involved, birth 
inj'ury and a second inj'ury later which may be shght This view is not 
universally held and there is some evidence against it It is merely 
mentioned for the sake of completeness 
The end result of the less frequent intracerebral hemorrhages is 
more clearly understood We would expect to find mtracerebral cavi- 
ties containing yellow pigment usually asymmetrically situated and 
sometimes unilateral A typical example of this type of lesion is 
described in Holt and Howland's Text Book 

Schwartz has been able to show that the periventricular hemor- 
rhages and necroses which he has found m so many stiU-bom infants 
result eventually, if the infant survives, in porencephahc cavities 
usuall}’’ separated from the ventricular lumen by a thin membrane and 
crossed by trabeculae Such cavities are often bilateral and nearly 
symmetrical and are usually considered examples of developmental 
defect Schwartz, however, shows con\dncmg illustrations of all 
stages in their development He also shows beautiful examples of 
peripheral porencephalus resulting from cortical birth hemorrhage 
Even the cases which show replacement of a whole hemisphere, or 
both hemispheres, by a thin walled sack, Schwartz believes, are due to 
birth inj’urj’^ Fischer and Siegmund subscribe to these statements 
Two types of porencephaly, therefore, result from birth inj’ury, the 
periventricular type produced by hemorrhage from the vem of Galen 
and the cortical tjpe due to superficial injuries These are properly 
examples of “false” porencephaly and it is customary to distinguish 
such cases from “true” porencephaly which is regarded as representing 
a defective development of the cerebral hemispheres Various criteria 
are given for the distmction between the “true” and “false” types, but 
Collier (40) states that these are not suffiaent and the differentia- 
tion is not alway’^s possible on anatomical grounds 

In summary, we would expect to find as the end result of former 
mtracranial hemorrhage at birth the following conditions Subdural 
hemorrhages might be expected to leave a fibrous membrane under 
the dura mater containing traces of old blood pigment Diffuse sub- 
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arachnoid bleeding is probably absorbed without causing any per- 
manent lesions except possibly some thickenmg of the meninges at the 
base Encapsulated supracortical hematomas, it seems probable, 
result m local atrophy and sclerosis with thickenmg and possible cyst 
formation m the overljnng meninges These changes should be unila- 
teral in at least half the cases and usually asymmetncal Intracere- 
bral cavities (false porencephaly) of two types are to be recognized, 
those resultmg from cortical hemorrhage and contaimng old blood 
pigment in them walls and those, described by Schwartz, resultmg from 
penventncular extravasations often bilateral and separated from the 
ventncle by a thin membrane Some authors state that sometimes 
hydrocephalus and “hemorrhagic pacchymenmgitis” are related to 
intracranial hemorrhage at birth 

ni Causes of Cerebral Birth Injury 

The preemmence of trauma among the causes of intracramal hemor- 
rhage m infants is now almost universally accepted Obviously any 
condition which increases the stress which the foetal head sustams m 
Its passage through the birth canal will mcreasc the chances of mjury 
Contracted or malformed pelves, ngid soft parts, preapitate or pro- 
longed labor, abnormal presentation, high forceps dchvenes, breech ex- 
traction, or over-large foetal heads are all common factors which 
predispose to birth mjury These considerations are, however, out- 
side the scope of this paper and will not be discussed further 
BluminaUng analyses of the mechanical factors involved m birth 
injury have been pubhshed recently by Holland (41), Greenwood (42) 
and Ehrenfest (43) 

The commonest type of hcniorrhage which is found over tlie con- 
1 exity in the subdural or, less frequently, the subarachnoid space is 
due to o\cr-nding of the panetal bones and teanng of the tnbutary 
veins to the longitudinal sinus Cushing has been able to demonstrate 
this lesion m two of his cases He pomts out that these veins arc 
1 ety fragile m the infant and unsupported m the subdural space by 
Pacchionian granulations and connccti\ e tissue as m the adult hlore- 
o'er, they stretch between their fixed attachment to the smus and the 
relatnely movable brain In some cases the longitudinal smus niaj 
be tom and thrombosed 
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Ehrenfest states that infrequently a similar over-lapping of the 
parietal bones over the occipital bone and tearing of the lateral sinus 
or the veins, which empty into it, may occur, more especially in cases 
of breech extraction 

Distortion of the head by excessive mouldmg is an even more impor- 
tant cause of dural tears Beneke showed in 1910 that compression 
of the head in one diameter results in shortening of that diameter and 
a compensatory increase in some other diameter. Since pressure on 
the fetal head is usually antero-postenor or lateral or both, it is 
evident that the vertical diameter must be increased This change in 
configuration is resisted by the dural hgaments, the falx and the ten- 
torium, which are stretched and if the tension is great enough may be 
ruptured Tears m the tentorium are very common and are most 
frequent near the insertion of the falx Often the straight sinus or 
some of the larger vems are tom and a fatal hemorrhage at the base 
or over the cerebellum occurs If the antero-postenor diameter is 
increased too much, the falx may tear, although this is not common 
Beneke described 14 cases with tentonal tears which he had discovered 
in one hundred autopsies on still-born babies He also pubhshed in 
detail his valuable method for the study of mtracranial pathology 
Beneke’ s work was soon confirmed by Sietz who found tentorial lacera- 
tions in half his cases Recently Holland has given a lucid exposibon 
of the forces concerned He confirrffs and amplifies Beneke’s obser- 
vations In his series of 167 autopsies, he demonstrated tentorial 
tears in 81 and laceration of the falx m addition in 5 cases He showed 
that permanent asymmetry of the head, the so-called obhque head, 
may result from tears m the tentorium in cases that survive Green- 
wood has since made exact studies of infants’ heads by plaster casts 
taken immediately after birth and agam a week later He thinks that 
m normal vertex presentations the vertical diameter is not mcreased 
On the contrary it may be shortened wnth over-lappmg of the parietal 
bones The antero-postenor diameter is, however, definitely 
lengthened In brow presentations and breech extractions he has 
sho^vn the vertical diameter is always mcreased 

Greenwood and Siegmund both thmk that the Schultze method of 
resuscitation may be a possible cause of dural tears 

In an excellent analysis of the intracranial pressure changes in 
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breech dehvery, Crothers has shown that this method of dehveiy im- 
poses a great stram on the tentorium He pomts out that the force of 
utenne contraction and manual suprapubic pressure both fend to com- 
press the walls of the supratentonal chamber and consequently cause 
pressure on the tentorium from above, and that traction on the body, 
which he shows is transmitted m part to the spmal cord, tends to draw 
the medulla down The result is rupture of the tentorium and pos- 
sibly herniation of the medulla mto the foramen magnum wnth injury 
to the vital centers and death 

The cause of the multiple extravasations from the vein of Galen 
and Its tnbutanes is believed by Schwartz to be stasis due to vasomotor 
disturbances Holland gives a much better explanation He pomts 
out that the vein of Galen extends betw een the fixed smus and the 
relatively movable brain In the process of mouldmg the vertex is 
raised and the vein of Galen is sharply kmked and stretched This 
will occlude the vem and may even cause rupture of the vem or its 
tnbutanes Holland has been able to demonstrate actual tears in 
the vein m several cases 

Another factor to be considered m all cases in wlucli there is lacera- 
tion of the large veins or dural sinuses is the interference with venous 
drainage which results This must cause congestion and edema and 
add to the intracramal pressure Dandy (44) has been able to pro- 
duce a low grade of hydrocephalus by hgating the vem of Galen near 
its junction with the sinus The mcreasc in intracranial pressure 
resulting from lateral smus thrombosis is well knoivn to otologists 
Cerebral concussion and edema must result from the compression 
and mouldmg which the fetal head is subject to m difficult labors 
Greenwoods’ casts show almost incredible distortions "Sheanng 
stress” as well as durect compression is to be considered Schwartz 
behe\es that the diffuse destructive changes which he has demon- 
strated are due to trauma and it is possible tliat such changes may be 
the explanation of those cases which show signs of intracranial mjury 
and pressure without any bleeding to be found at autopsy 
Prolonged compression of the trunk dunng breech delivcrj causes 
intense intracranial congestion by foremg blood out of the venous 
reseix oirs of the chest and abdomen back through the incompetent 
'a1\es of the jugular veins into the head and neck In adults severe 
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compression of tlie chest has been known to cause the extraordinary 
picture of "'traumatic asphyxia” (45) in which the most intense 
cyanosis of the head and neck may persist for several days. Comml- 
sions may occur imder these conditions 

Multiple petechial hemorrhages in the brain and meninges, es- 
pecially if associated with hemorrhages on the serous surfaces, are 
probably caused by asphyxia Similar findings are seen in adults 
dying of suffocative asphyxia without head injury, and there is no 
reason to doubt that asphyxia may produce the same lesions in 
infants There does not seem to be any clinical evidence that any 
recoverable degree of asphyxia unassociated with hemorrhage may 
permanently mjure the pyramidal cells and yet spare the more resist- 
ant cells of the medulla Nevertheless, Pike (46) and others have 
shown by experimental interruption of the cerebral circulation in 
animals that the cells of the medullary centers resist anemia longer 
than the cells of the cortex The restoration of the cerebral circula- 
tion causes severe convulsions and if the animal survives it may show 
abnormal behavior, blindness and paralysis No gross lesions are 
found m the brains of these animals when they are killed after several 
weeks, but microscopically necrosis of the cortical motor cells and 
degeneration of the pyramidal tracts can be demonstrated There 
is no doubt that asphyxia increases bleedmg from tom vessels by 
causing congestion, but there is considerable doubt whether it may 
produce rupture of large veins and considerable hemorrhage, unaided 
by other factors 

An important contributing cause of intracranial hemorrhage is 
prematurity. Couvelaire (48) found 18 per cent of premature babies 
bom by easy spontaneous labors showed hemorrhages Ylppo found 
intracranial traumatic lesions m 90 per cent of all premature infants. 
Most of these were unimportant, however. Paul states that the great- 
est incidence of retmal hemorrhages occurs in the premature One- 
fourth of Warwick’s cases of intracranial hemorrhage were in imma- 
ture infants Browne (48) states that intracranial bleedmg occurs 16 
times more frequently in premature infants than in full term babies 
Raiz (49) discovered fatal hemorrhage in 23 per cent of premature still- 
born babies and in only 5 per cent of babies bom at term or after eight 
months Both Sharpe and Roberts agree that prematurity favors 



CEREBRAL BIRTH INJURIES AND THEIR RESULTS 


135 


intracranial hemorrhage In explanation for these facts Ylppo has 
proved that the cutaneous vessels of premature babies are abnormally 
fragile He apphed suction to the skin and determined the pressure 
at which hemorrhage occurred In mature babies a pressure of 520 
mm Hg was required, m premature infants only 150 mm Hg pressure 
caused rupture of the veins He states that 7 per cent of premature 
infants are either mentally defective or develop spastic paralysis 
Ehrenfest points out that the thinness of the premature infant’s skull 
IS a factor of importance in predisfiosing to excessive moulding and 
intracranial injury, and Schwartz found that animals w'hose skulls are 
solid do not suffer birth injunes 

The importance of prolonged coagulation time, which may give rise 
to hemorrliagic disease of the new-born, was first pointed out by Green 
(50) This factor has been emphasized by Warwick, Foote (51), 
Kaiser (52), Cruikshank (53) and Rodda (54) Warwick found gross 
hemorrhages in the viscera in 8 of her 18 cases of intracranial hemor- 
rhages, and Rodda states that there were multiple hemorrhages in 20 
per cent of her cases On the other hand some authors are inchned to 
attribute less importance to this factor Holt and Howland quote 
figures from Ritter and Townsend whose cases of hemorrhagic dis- 
ease all together total 240 In only 4 out of this number did intracra- 
nial hemorrhage occur Sharpe and Roberts could find only 3 babies 
with prolonged coagulation time in their total number of 105 with 
bloodj spinal fluid There can be no doubt, however, that spontane- 
ous bleeding may occur in the skull from this cause just as it occurs in 
the abdominal viscera, and i delay in coagulation time no doubt will 
prolong the slow oozing from a small tom \ essel until a large hematoma 
has accumulated 

Syphihs and other diseases of the fetus probablj play some r61c 
Bnssaud (5S) and Dejenne (56) ha\c stated tliat syphilis favors intra- 
cranial birth injur> by causing prematurity Wejhc believed that 
23 of his 122 cases of intracranial hemorrhage showed signs of con- 
genital syphihs Hcdren (57), however, found only 3 cases of sjqihdis 
in autopsies on 700 infants, 9 per cent of whom showed mtracranial 
bleedmg Warwick did not find any signs of sj’phihs m her 18 cases 
Sharpe and Roberts do not consider sj^ihihs important 

Cases of intracranial hemorrhage occumng in utero before labor 
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are not unknown Cotard (58), Sietz Gibb (59) and Osier (60) have 
described cases of this nature 

IV. Results of Cerebral Birth Injury 

SIGNS OF BIRRH' INJURY 

The early signs of intracranial hemorrhage ui mfants are f amili ar 
to all obstetricians Recent studies have been made by Cameron 
(61), Capon, Henkle (62) and Holland, but little of importance has 
been added to the descriptions of the older writers If the hemor- 
rhage is extensive, the child may be stiU-born If alive, it may be 
deeply asphyxiated and diffi,cult to resuscitate The “blue” asphyxia 
is of little significance, and it has been estimated that this occurs to 
some extent m 90 per cent of aU new-born babies The so called 
“pallid asph3^a” is more serious Crothers has shown that this is in 
reality vasomotor collapse due to medullary injury. If respiration is 
estabhshed, it may be noticed in the next few days that the child is 
sluggish and unresponsive, more rarely it may be restless The cry 
is feeble and the child does not nurse Respiration is slow and irregu- 
lar and there is often some cyanosis The pulse is usually slow, but 
may be feeble and rapid If the bleedmg is over the cortex, there may 
be local muscular twitchmg or general convulsions Rigidity and 
retraction of the head are often seen Unequal pupils, nystagmus, 
strabismus and even exophthalmos are descnbed The fontanels may 
bulge, but this is not always to be rehed upon Changes m the 
retina may be found On lumbar puncture the spinal fluid is bloody 
and under mcreased pressure It is not imusual to have the signs 
delayed until the fourth or fifth day, when the mdications of mcreased 
mtracranial pressure give evidence that an intracranial hemorrhage 
has been slowly accumulating 

It is well known that some intracranial hemorrhages give no ob%dous 
signs Sharpe says that scarcely any of his 45 cases could have been 
diagnosed without lumbar puncture Roberts noted clinical signs of 
birth injury in only 14 children out of the 48 that survived I have 
already mentioned that Weyhe and Kundrat state that it is common 
to find evidence of old hemorrhages which have caused no clinical signs 
Schule (63) refers to a baby who died suddenly at six weeks with a 
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large hemorrhage from a tom tentonum and Manton (64) gives the 
history of a similar case in which death occurred on the tenth day from 
an extensive hemorrhage coming from a tear m the longitudinal smus 
Neither of these babies had shown any exndence of birth injury 

It may be well to state here that all the signs of intracranial mjury 
enumerated above may occur in cases m which no intracranial hemor- 
rhage IS found at autopsy It is probable that the pathology m some 
of these cases is cerebral edema from cerebral concussion, or perhaps, 
congestion Sharpe beheves he can demonstrate mcreased intracra- 
nial pressure in these cases by the spmal manometer I shall show 
later that children ivith congenitally defective brains may also show 
signs which simulate birth injury 

The ovenvhelming majority of babies who show definite chnical 
signs of mtracranial hemorrhage die within a few days In one series 
which I have personally investigated only 7 out of a series of SO in 
which the diagnosis was made survived for two weeks It is evident 
that lesions of the neuraas between the tentonum above and the 
phrenic nucleus below will be fatal in almost every instance Lacera- 
tions of the large vcms and the dural smusesareprobablyalmostalways 
incompatible with life Moderate supracortical hemorrhages prob- 
ably have the lowest mortality 

PHYSIOLOGY or THE INFANTILE NERVOUS SYSTEM 

This peculiar lack of signs assoaatcd with intracranial hemorrhage 
in the new-born wall be more comprehensible if we consider the physi- 
ology of the infant’s central nervous system At term the cortex 
and its projection tracts are still partially unmedullated, and, hence, 
It is generally assumed, are not functional The pyramidal tracts do 
not become completely medulla ted until somewhere between the ninth 
and twenty-fourth months of extrauterme life The segmental ap- 
paratus of the brain stem and spmal cord is functional and probably 
already' completely' medullated at birth There is evidence that 
mcdullation of the various “association” tracts in the cortex continues 
for many years after birth Two babies bom m the maternity' wards 
of J Whitridge Williams, who showed all the reactions of normal 
babies including crymg, nursing and xagorous movements, were found 
on necropsy to have been born without the cerebral hemispheres 
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This observation is, in fact, a very old one and is attributed by Little 
to Ollivier It indicates very strongly that the cortex plays no part m 
the normal activities of new-born babies Pulse, respiratory rate, 
and temperature control are not well established at term Tendon 
reflexes and the plantar reflexes are vanable at birth and have no 
value in diagnosis as Burr (65) has shown It would seem, therefore, 
that the normal activities of the new-born infant are all reflexes 
mediated by the brain stem and the spinal cord However, the con- 
vulsions and local twitchings which sometimes result from cortical 
injuries, suggest that the cortex is not entirely insensitive to irritation 

Thus, it seems probable that the common signs of intracranial 
hemorrhage in infants result from involvement of the brain stem, 
either directly by bleeding into the posterior fossa, or indirectly by 
increase of intracranial pressure from the accumulation of a large 
hemorrhage above the tentonum A localized hematoma over the 
cortex may compress and soften the cortex without giving any signs 
of its presence except, perhaps, some local twitching of convulsions 
Respiratory disturbances without other eiidence of intracranial 
injury have been attnbuted by StiU (66) to small hemorrhages in the 
medulla, and Kirkwood and Meyer (67) have been able to demonstrate 
a small medullary hemorrhage in such a case 

LATE RESULTS OF INTRACRANLAL BIRTH HEMORRHAGE 

It IS quite certain that some few infants survive moderately large 
intracranial hemorrhages and afterwards show no clinical signs of 
cerebral injury Numerous articles may be found in the hterature 
advocating some tj’pe of operative procedure, subdural puncture or 
spmal drainage, and always including one or tw^o histones of children 
w’ho have survived intracranial hemorrhages and. strange to say, 
have not developed “Little’s disease” afterwards In each case this 
remarkable outcome is attributed only to the speaal treatment 
advocated by the autlior Cushing (68) operated upon 9 babies with 
intracranial birth hemorrhage and stated in 1908, that the 4 who 
survived w^ere all w^ell Most of these children had been under obser- 
vation for over a year at that time Gilles (69) reported 2 cases with 
complete recovery m children w^ho w’^ere not subjected to operation, 
but w’ere treated by lumbar puncture Simmons (70) operated on a 
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child nth intracranial hemorrhage who was qmte well at the age of 
thirteen months Green (71) reports 2 complete recovenes, one nth 
operation and one with lumbar puncture Lippman (72) described 
a case of memngeal hemorrhage in which only one lumbar puncture 
was performed Nevertheless, the child made a complete recovery 
V ithout residuum and developed normally Brady (73) pubbshcd 2 
similar cases treated bj spinal puncture These children w ere w ell at 
the ages of three and fourteen months Foote has followed a child 
who had a menmgcal birth hemorrhage for four years and another 
for sue years Both these children are quite well They were not 
subjected to operation Rodda found 2 children who had shown blood 
in the spinal flmd at birth perfectly normal at the ages of four and ten 
months Vagho (74) reports 1 case of a child treated by lumbar 
puncture who is normal at six months Munro (75) has pubhshed 
case histones of 9 children who survived intracranial hemorrhage and 
were well at the ages of one, six, nine, one, one, eight, eleven, eight and 
ten months Most of these children were subjected to two lumbar 
punctures and no craniotormes were performed on the children who 
survived Roberts does not believe that any of the 48 babies in his 
babies in his senes who showed blood in Uie spinal flmd are going to 
develop diplegia, although the penod of obsen ation is still too short 
to be conclusive The wnter has been able to find records of three 
children who survived intracranial hemorrhages at birth and were 
w ell at the ages of slx months, one year and nmc mon ths, and tw o j cars 
(see appendix A) In confirmation of these statements it maj be 
mentioned that it is unusual for subarachnoid hemorrhage in adults to 
result in local cortical lesions The wnter has observed eight cases of 
pnmary subarachnoid hemorrhage all of whom recov'crcd without any 
sign or sjmptom of cortical damage One of these patients ev entuilly 
had a recurrence and came to autopsy No lesion of the brain was 
found 

Since the publication of Little’s famous article in 1862 manv divers 
clinical sjndromcs have been attnbuted to the more severe birth 
injuncs Spastic diplegias, hemiplegias, monoplegias, congenital athe- 
toses epilejisv, idioc), and hjdroccphalus art the most imi>ortint 
Cerebral diplegia, most frcquentlj called “Little’s disease,’’ is. how- 
ever, considered the most typical example of the late results of birth 
injuij All these conditions will be discussed in the followmg sections 
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V. Rel\tion of Cerebral Birth Injury to Spastic Paralysis 

CONGENITAL DIPLEGIA 

This is the commonest type of congenital cerebral paralysis, occur- 
ring in the Harriet Lane Home records many times more frequently 
than congenital hemiplegia. It may be defined as a congenital con- 
dition of spastic weakness which affects the legs more than the arms or 
the legs alone The most severe cases show general rigidity of the 
extremities and bulbar palsy The nnldest cases show only slight 
spasticity of the legs and a tendency to walk on the toes These are, 
in fact, paraplegias In hemiplegia and double hemiplegia it is the 
rule in infants, as well as in adults, for the arms to be more severely 
affected than the legs These distinctions make the differentiation 
of diplegias and double hemiplegias possible in most cases Diplegia 
is associated almost invariabl)’- with some degree of mental defect and 
not infrequently with epilepsy and microcephaly Severe forms are 
evident at birth. Milder forms are not usually noticed before the age 
of six months The tendency m some cases is towards limited im- 
provement If there are frequent convulsions the course may be 
slowly progressive Choreiform, athetotic, flaccid and ataxic vaneties 
are described, but are less frequent than the spastic type It is evi- 
dent that the postnatal progressive diplegias should be excluded from 
this group, although Collier has shown that they bear a fairly close 
relationship to some of the congemtal diplegias The distinction 
which Little made between rigidity and weakness has been supported 
by continental writers, but it is difiBcult, if not impossible, to maintain. 

Historical 

In 1862 Little’s (76) paper entitled “On the Influence of Abnormal 
Parturition, DifiScult Labors, Premature Birth, Asphjoia, Neona- 
torum, on the Mental and Physical Condition of the Child, Espeaally 
in Relation to Deformities,” appeared in the Transactions of the Ob- 
stetncal Soaety of London It is evident from the following extract 
of that article that Little believed that asphjoaa was the most impor- 
tant factor in the production of diplegia He says. 

Nearly twenty years ago, m a course of lectures published in the Lancet, 
and more fully in a Treatise on Deformities, published m 1853, 1 showed that 
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premature birth, difficult labors, mediamcal injuries during parturition to 
head and neck, where life had been saved, following the act of birth were 
apt to be succeeded by a determmate affection of the limbs of the child, 
which I designated spastic ngidity of the limbs of new-born children, 
spastic rigidity from asphyxia neonatorum 

Little did not attnbute diplegia to gross hemorrhage, although this 
view is often attnbuted to him 

McNutt (77) m 1885 was one of the first to ascnbc diplegia defi- 
nitely to meningeal hemorrhage She desenbed the anatomical 
findings m ten babies dying of birth mjunes and some months after- 
wards, reported a case of diplegia which she believed had resulted 
from a meningeal hemorrhage at birth McNutt’s paper was pre- 
sented before the Amencan Neurological Soaety as a thesis for admis- 
sion and attracted universal attention Many neurologists accepted 
her views, preemment among whom was Sir William Gowers (78) 
Marfan (79), Raymond (80), Taylor (81), Osier (82) and many others 
have since lent their support to her theory which is now held by most 
pediatnaans and neurologists with certain notable exceptions Re- 
cently Cameron and Osman (83) and Sachs (84) have declared their 
behef m the meningeal hemorrhage theory, but it must be admitted 
that they have failed to offer any convinang exudence to support 
their opinion 

Bnssaud, m 1894, influenced by the high inadence of prematurity 
in diplegic infants, suggested that the determining factor was pre- 
maturity which interrupted the dcxelopmcnt of the pyramidal tracts 
He excludes cases xvith mental defect and epilepsy According to 
Bnssaud, the pyramidal tract has just reached the medulla at the 
scvcntli month of fetal life and premature birth at that time will 
cause generalized ngidity At the eighth montli the pyramidal fibers 
ln\ c reached tlic thoraac region and arrest of grow th wall cause para- 
plegia After birth the pyramidal fibers may still grow slowly,hence 
these cases tend to improve, e\ en to recover Mane (85), Dejenne, 
and Van Gchuditen (86) have subsenbed to this xaew walh onlj minor 
reservations 

Treud (87) stated in Ins elaborate monograph of 1897 that lit was 
unabk to find any cxidcnce Uiat diplegia was due to birth injury 
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He believes that premature, precipitate and difficult labor and asphyxia 
are all the result of the same causes that produce the diplegia He 
shows that cases of diplegia dating from birth sometimes occur in the 
same families in which post-natal progressive diplegias develop, and 
assumes that the causes are similar He refers to cases reported by 
Freer (88), Elrafft-Ebing (89), Newmark (90), and Pehtzaeus (91) 
in support of these statements Freud distinguishes very clearly 
between diplegias and double hemiplegias Hemiplegias and double 
hemiplegias result from gross lesions, often birth hemorrhages, diple- 
gias are the result of degenerative processes 

In 1900, Collier published an exhaustive analysis of the cerebral 
diplegias, including both anatomical and clinical evidence He sub- 
jects the meningeal hemorrhage theory to very pertinent criticism and 
concludes that the pathological process is that of a neuronic degenera- 
tion which is usually pre-natal and non-progressive, but may be post- 
natal and progressive Some cases, he admits, may be due to congeni- 
tal defect With few exceptions Ms views are identical with those of 
Freud More recently Colher (92) has again illuminated the subject 
with a vigorous statement of his original point of view His argu- 
ments will be given in greater detail in the discussion of the pathology 

Thus, five prmcipal theories have been advanced to account for 
cerebral diplegia, that it is due to asphyida, to menmgeal hemorrhage, 
to an arrest of development resulting from prematunty, to a degenera- 
tive process in utero, and to a congenitally defective development of 
the brain 

Discussion 

The reasons for connecting birth trauma and diplegia are not hard 
to find and a great deal is to be said both for and against this theory 
We have seen that birth injuries are extraordinarily frequent, even in 
easy and apparently normal labors It has been shown that although 
a great variety of mtracranial lesions may occur, in infants born dead 
or dying soon after birth, one of the commonest lesions is a hemorrhage 
over the convexity near the midhne so situated as to compress the cor- 
tical leg center Such extravasations may be bilateral Hemorrhage 
here can not diffuse so rapidly as at the base, where the subarachnoid 
spaces are larger, but is more apt to form an encapsulated hematoma 
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and compress the cortex It is an old observation that diplegic babies 
are commonly premature, and are often bom by preapitate or pro- 
longed labor, all conditions which we know predispose to intracranial 
hemorrhage These infants are difficult to resusatate, cry feebly, 
nurse poorly and, not infrequently, have convulsions, all of which are 
suggestive of birth injury IVhen it becomes evident, in a few months, 
that mental development is not progressing properly and that the 
child IS diplegic, the conclusion that these symptoms are the result of 
birth injury is almost irresistible 

On closer scrutiny the evidence that diplegia is due to meningeal 
hemorrhage is not conclusive, and there are many facts that point to a 
pre-natal cause I am not aware that any large senes of cases with 
definite chmeal signs of intracramal hemorrhage at the time of birth 
have been follow ed to their ultimate outcome This, indeed, would 
be every difficult to do because almost all cases with severe signs die 
in a few days or weeks I have been unable to find a single report of a 
case of true cerebral diplegia in which the occurrence of an intracranial 
hemorrhage at birth was estabhshed The direct evidence is, there- 
fore, unavailable The fact that extensive cerebral lesions are found 
in infants that die promptly is no proof that lesions of similar magni- 
tude exist m infants that survive It is well known, moreover, that 
meningeal hemorrhage in adults usually docs not injure the cortex 
Even the demonstration of blood in the spmal fluid can not be ac- 
cepted as alw ays indicative of brain injury If Sharpe and Roberts are 
correct in their estimate that about ten per cent of all new-born babies 
have blood m their spinal fluid, it is evident that in the vast majonty 
of cases it docs no harm The frequent, but not invariable, occur- 
rence of difficulty in establishment of respiration, feeble erj’’ and poor 
nursing may just as well be attnbuted to a congemtally defective 
nervous system as to a birth hemorrhage Tlie same argument may 
be advanced to explain the convulsions Congenital defects of the 
ntrxous system arc not at all rare, and every obslctnaan is familiar 
with the grosser malformations Indeed, 25 per cent of all diplcgics 
ate microccphalic 

It does not seem probable that asphj xia alone w ithout gross hemor- 
rhage can be of much importance Little lumsclf sajs, “It is obxaous 
that the great majoritj of apparentlx still-born infants, whose lives 
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are saved by the attendant accoucheur, recover unliarmed from that 
condition ” Manton states that he has been unable to connect as- 
phyxia with paralysis or other abnormahties of the nervous system 
Buchardt (93) in a senes of ninety babies deeply asphyxiated found 
only one abnormal later. Beatus (94) at Breslau came to the same 
conclusion Walter Hannes (95) has followed three senes of 150 cases 
each The first group consisted of babies who were deeply asphyxi- 
ated and dehvered by forceps, the second series consisted of babies 
not asphyxiated but delivered by forceps and the third included only 
babies normal in all respects After some years the largest percent- 
age of abnormalities of the nervous system was found in the third, or 
normal group, i e , 3 4 per cent The first and second groups showed 
3.2 per cent and 3 3 per cent abnormalities of the nervous system 
respectively 

Brissaud’s theory that prematurity is the important cause in the 
production of diplegia can not account for more than a certain per- 
centage of all cases because far more than 50 per cent of cases are bom 
at term Brissaud, indeed, restricted his group so as to exclude all 
cases which were not premature We shall see in the discussion on the 
morbid anatomy of diplegia that there is some pathological evidence 
to support his theory, that there is an arrest of development of the 
pyraimdal tracts There is no doubt, however, that over 90 per cent 
of premature babies that survive complete the development of their 
nervous system in time, and it is well known that medullation con- 
tinues long after birth under normal conditions 

In the present imperfect state of our pathological knowledge of this 
subject, it scarcely seems justified to minimize the distinction between 
the congemtal diplegias which tend to improve and the post-natal 
progressive cases, although Freud and Colher have shown that transi- 
tional cases occur However, it is impossible to explain aU cases of 
diplegia on one basis and we shall see in the next section that several 
different pathological conditions underlie this chnical syndrome 

Pathology of cerebral dtplegia 

The cerebral lesions that have been found in cases of cerebral diple- 
gia are not always the same, and a great difference of opinion exists 
about their significance Such cases come to autopsy long after the 
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active process has ceased and the end results may give httle mforma- 
tion about the onginal causes The subject is further comphcatcd 
bj the fact that many authors do not give any accurate chmcal classi- 
fication of their cases 

Osier collected 31 diplegias and paraplegias In 17 of these the 
patliological anatomy was available In 3 cases bilateral porence- 
phalic cavities were found In the remaining 14 cases diffuse atrophy 
and sclerosis was the only finding 

Freud stated in summary of the large number of cases he had col- 
lected that the pathology of cerebral diplegia was a degenerative 
process and distinguishable from the lesions v hich result from birth 
injunes He pomted out that the gross lesions somebmes described 
in diplegias could not serve to explain the symptoms which were due 
to neuronic degenerabon demonstrable with certainty only with the 
microscope Colher demonstrated in 1900 that the typical pathologi- 
cal picture was a diffuse symmetneal atrophy of both hemispheres 
mth destruction of nerve cells and proliferation of glial bssue The 
meninges are unaffected In early cases the gross atrophy and gliosis 
are less evident and the degenerative process in the neurons is more 
conspicuous The convolutional pattern of the hemispheres, uhich is 
established by the seventh month of fetal life, is usually normal but 
not infrequently shous evidence of interference m development long 
before birth Sometimes the pyramidal tracts arc absent, somebmes 
they are degenerated Porencephaly of various types is found, but 
Colher very plausibly argues that these are cases of double hemiplegia, 
not true diplegia He shou s that the famous case reported by McNutt 
can not be in anj i\a> related to meningeal hemorrhage Indeed, 
Welch, 11 ho made the pathological examination, states clearly that the 
process onginated in the deeper layers of the cortex and invoK ed the 
superficial layers least of all Collier’s oun cases iiereallprogrcssiie 
post-natal cases and the pathology m these cases can scarccli be 
considered directly applicable to the problem of the congenital cases 
In support of these statements Colher refers to autopsies by McNutt, 
Mane, Jendrassik, Warda, Mya and Levi, Sachs, Cotard, Scliultze, 
Anton, Monex, Hennoch, Forster, isambert, Bcchtcrcu, Russell, 
Robin, Fnedman, Muratoff, Schmaus, Gee, Richardierc, BournviUe 
and Bnssaud, Dejenne and Solher 
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Campbell descnbes the pathological condition which Freud and 
Collier believe is the basis of cerebral diplegia under the title of “lobar 
agenesis with sclerosis and microgyria ” Buzzard and Greenfield 
employ the term “atrophic sclerosis,” which they say gives nse to 
some types of idiocy, diplegia and microcephaly Their description 
is as follows 

Macroscopically, the chief appearance is that of atrophy, either localized 
or affecting to a greater or less extent the whole brain substance In slight 
cases the convolutions when stripped of their meninges appear normal, but 
examination with a lens reveals here and there depressions or scar-like 
puckerings The surface may have a finely worm-eaten appearance In 
some advanced cases the convolutions may be irregular, atrophied, firmer 
than normal, and unlike healthy bram substance In extreme degrees of 
the process the convolution is represented by a thin leaf of fibrous sub- 
stance, the so-called “parchment-like convolution ” Sections of such areas 
show numerous small cavities m the gray matter The parts of the mid- 
and hind-bram associated with the sclerosed areas fail to develop, and the 
cerebral peduncles are smaller on the affected side Microscopically the 
condition is one of neuroglial overgrowth associated with degeneration of the 
neuron substance The process appears to affect primarily the deeper 
layers of the cortex, and spread thence to the underlying white matter and 
to the superficial layers of the cortex 

The authors consider this condition a congenital abnormality due to 
some pre-natal morbid process 

Hammarberg’s (96) classical paper contained the description of 9 
brains of idiots with various degrees of spastic diplegia In each case 
a congenitally defective bram was found In 4 cases there was com- 
plete amentia and severe spastic paralysis The brams showed only 
one layer of cortical cells much diminished in number These cells 
resembled the cortical cells of the fetus of five months In 2 cases 
with some degree of mental development the cortex showed the de- 
velopment of a normal child of about one year One of these children 
was severly paralyzed and its motor cortex showed very few giant 
cells The second child had much better motihty and the giant cells 
were correspondingly more numerous Three more brains of children 
with shght or moderate amentia were studied Two of these 3 pa- 
tients were diplegic and few giant cells were to be found in their motor 
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cortex The third child was not spastic and numerous giant cells were 
demonstrable in the motor area Greenfield and Buzzard say 
“Another type of developmental defect assoaated with cerebral diple- 
gia IS shown by those brains which present the features assoaated 
ivith the early months of fetal existence, and uhich do not show the 
diwsion of the cerebral hemispheres into numerous convolutions 
They give an illustration of a brain of this type 
Ganghofner (97) has reported three cases of congenital diplegia in 
which the brain was grossly normal in every respect Microscopic 
examination revealed nothing abnormal, yet he behcved that there 
was probably some decrease in the pyramidal fibers in the cord which 
he could not demonstrate The Betz cells m the motor cortex w'ere 
normal Two valuable papers have been published by SpiUer (98), 
one in 1898 and one in 1905 In all he desenbes 3 \cry instructixe 
cases of congenital diplegia with autopsy All these brams were 
normally convoluted and showed no gross lesions One was under 
normal size Microscopic examination showed normal Betz cells in 
the paracentral lobule in each case, but in 1 case they seemed somew hat 
diminished in number The pyramidal tracts in the cord show cd no 
degeneration, but in 2 cases the fibers seemed abnormally fine In 
the third case the pyramidal fibers seemed entirely normal, and Spiller 
could only conjecture that they did not reach the lumbar cord in nor- 
mal numbers This could not be actually demonstrated, however 
Rhein (99) of Philadelphia has also contnbuted cases similar in eveiy 
way to those desenbed by Spiller The motor cortex was normal 
except for tlie absence of Betz cells The pyramidal tracts in the 
cord were abnormally fine but no degeneration could be found 
Biswanger (100), Gerhch (101), Otto (102) and Haushalter (103) and 
Collins have also desenbed similar cases Many of these brains in 
which no definite anatomical basis for tlie ngidity could be found w ere 
studied before the introduction of modem histological methods In 
some cases it is possible that the symptoms depended on basal gangha 
lesions which were overlooked or could not be demonstrated 
Batten (104), whose exhaustive knowledge of the neurological 
affections of childhood enabled him to speak with authonty, stated 
tint cerebral diplegia is the result of four different pathological con- 
ditions, “atrophic sclerosis,” arrested dcxclopment of the bnun, intra- 
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Uterine occlusion of the cerebral vessels, and various types of menin- 
gitis It is evident that he used the term diplegia to include all 
bilateral paralyses of cerebral origin ‘‘Atrophic sclerosis, ‘‘ Batten 
believed, is the most frequent of all types of diplegia 
We must admit that it is possible for symmetrically placed lesions 
over the convexity near the midline to simulate the clinical picture of 
cerebral diplegia exactly No doubt, bilateral meningeal hemor- 
rhages may cause such a syndrome in rare cases, although the writer 
has been unable to find a report of any case of true congenital diplegia 
in which this lesion was found Another possible cause of diple^a is 
thrombosis of the longitudinal sinus Sir William Gowers stated that 
he believed some diplegias were due to sinus thrombosis, although he 
had no anatomical evidence to support the theory. In 1915, Hohnes 
and Sargent (105) reported some cases of gunshot wounds of the ver- 
tex which involved the longitudinal sinus and produced a cerebral 
paraplegia with less severe involvement of the arms Cushing (106) 
believes tbat it is the laceration of the cortex and not occlusion of the 
sinus which causes the paraplegia in such cases More recently, 
Wilson (107) has published a case of paralysis of the legs resulting 
from syphilitic thrombosis of the longitudinal sinus in an adult The 
writer has included in appendix C the case of a child in which throm- 
bosis of the iongitudmal sinus occurred at birth or very soon after- 
wards and resulted in general ngidity Had this child lived it is 
possible that a picture similar to congenital diplegia might have de- 
veloped A similar case is also abstracted in which recovery without 
residual symptoms occurred However, the anatomical evidence 
lends no support to the possibility that either meningeal hemorrhage 
or thrombosis of the longitudinal sinus is a frequent cause of congenital 
diplegia A certain percentage of the bilateral congenital paralyses 
are due to porencephalic cavities in both hemispheres Etiologically 
these cases are different from the true diplegias and it is often possible 
to distinguish them cbmcally, since lesions deep in the hemispheres 
produce bilateral hemiplegias and not true diplegias It seems im- 
portant to make the distinction between diplegias and double hemi- 
ple^as whenever it is possible to do so 

The pathological anatomical basis of congenital athetosis is de- 
scribed by the Vogts (108) under the term of “etat marbre In 
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this condition the lesion is restncted to the caudate nucleus and the 
putamen and consists m scattered areas m which nerve cells are 
absent and seem to be replaced by a fine network of medullated nerve 
fibers In Weigert myelin stain preparations the stnitum has a mot- 
tled appearance, hence the name In a recent article the Vogts state 
that they now regard this condition as the result of a pre-natal process 

Analysis of cases from the Barnet Lane Borne for Children 

Two hundred and thirtj-five cases of bilateral spastic paralysis are 
to be found in the records of the Harnct Lane Home The writer has 
analysed 200 of these These children were seen m the out-patient 
department, usually in early infancy In many cases it was impos- 
sible to obtain an accurate history because of language diflicully or 
Ignorance of the parents, but on tlie average the histones were full 
and usually contained negative as well as positive statements about 
birth and early infancv Almost without exception these children 
suffered from severe malnutntion and the neurological condition was 
often completely overshadow ed by their metabolic disturbances De- 
tailed neurological examination was often impossible because of ill- 
ness or early age hlany of these children died while still under 
observation, although few were followed beyond a few weeks, and the 
majontj probably failed to reach the second year Under such ar- 
cumstanccs it is impossible to differentiate this group wath more than 
approximate accuracy, and, although it is certain that most of tlicsc 
cases are true diplegics and paraplegics, no doubt there ate double 
hemiplegias included, and it is probable that a number of birth injuries 
are scattered through this group A history of abnormal labor was 
obtained in only 15 per cent of cases Convulsions at birth or in the 
first two weeks occurred in 16 per cent, and feeble respiration and 
nursing were noted in about 32 per cent A history of prematunty 
wits gi\ en in 33 per cent of cases It is not wished to put too much 
stress on these figures because of their probable inaccuracy, but we 
will find in the analysis of the asymmetneal paralyses that a very 
mudi greater number of abnormalities of labor arc reported On 
examination, 71 or 35 per cent showed heads below normalsire Men- 
t d defect obviouslj could not be estimated accurately, but was almost 
invariably present The most stnking fact w is the perfect bilateral 



ISO 


F R FORD 


symmetry of the motor disturbance In only 5 cases out of 200 
was there any preponderance of paralysis on one side This fact is 
hard to reconcile with the theory that such cases are due to birth 
injury, as we have found that in at least half the cases of hemorrhage 
over the convexity the extravasation is confined to one side, and when 
it is bilateral it is usually of unequal extent Hence, we would expect, 
if birth injury were the true cause, to find just as many hemiplegias 
as diplegias and unequal involvement of the two sides in the diplegias 
However, only seventeen congenital hemiplegias are to be found in 
the Hamet Lane records It seems probable that most of the 5 cases 
in which the motor disturbance was asymmetrical were true birth pal- 
sies However, the brain of one child with sh’ghtly unequal involve- 
ment of the two sides showed “atrophic sclerosis” at autopsy 

Autopsies on 6 diplegics^ were secured, none of which revealed any 
condition to be attributed to birth injury Two brains showed no 
gross abnormahty Only one was examined microscopically and no 
degenerations were found These 2 cases, therefore, faU into the group 
described by SpiUer Three more brains showed the gross appearance 
of “atrophic lobar sclerosis,” and one which was examined microscopi- 
cally showed the charactenstic appearance of that condition The 
fifth brain was malformed, showing absence of the antenor corpus 
callosum, septum lucidum, fornix and falx 

It is interesting that Sachs and Osier found hemiplegias more fre- 
quent than diplegias, although many times as many diplegics as 
hemiplegics are included in the Harriet Lane records It is probable 
that the tendency to nutritive disturbances and early death m the 
diplegic group may account for this discrepancy, as most of these 
children die before they reach the neurologist 

In conclusion we may say that true congenital cerebral diplegia is 
apparently unrelated to birth injury or meningeal hemorrhage It 
depends on at least three anatomical conditions Perhaps the com- 
monest pathological picture is the so-called “atrophic lobar sclerosis” 
as described by CoUier, Freud and others The brains described by 
Spiller, Rhem, and Ganghofner which show slight defect in the pyrami- 
dal tracts imdoubtedly constitute a distinct type of diplegia, which is 

^ A seventh necropsy has been secured recently Grossly the brain is normal Micro- 
scopic sections are not yet available 
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probably to be regarded as a defect of development The simply 
convoluted brains which indicate disturbances in development in the 
early months of fetal life are another type The athetotic cases, the 
Vogts have shown, are dependent on the condition known as “6tat 
marbrt ” It is probable that spastic diplegia may be simulated by 
gross lesions including birth injuries, but it does not seem probable 
from the matenal available that any considerable percentage of cases 
can be accounted for in that way Cases of birth injury are probably 
always to be disbnguished from true diplegia anatomically, and the 
differentiation can usually be made dimcally 

CONGENITAL MONOPLEGIAS, HEMIPLEGIAS AND DOUBLE HEMIPLEGIAS 

In 1889, Osier wrote as follows. 

In infantile hemiplegia a great majority of the ca'^es occur within the first 
three years of life, and m only a linuted number is the condition congenital, 
cither the result of intra-uterme disease or of accident dunng parturition 
In bilateral hemiplegia and paraplegia the reverse holds good, in a large 
proportion of the cases the trouble dates from birth and is the result of 
injurj' to tlie child during its passage into the world 

Osier did not distinguish between double hemiplegias and diplegias, 
but his excellent description leaves no doubt that he was dealing wnth 
true diplegias 

Freud and Colher have taken a very different, almost exactly 
opposed, pomt of view Colher concludes that monoplegia, henu- 
plegia, and even double hemiplegia may result from gross cerebral 
birth injury, but never true diplegia He admits, however, that 
it may be impossible on clinical grounds to distinguish double 
hcrmplegia from severe diplegia with general ngidity The avnter is 
entirely m sympathy with these views 

Batten believes that there are three pathological bases underlying 
congenital hemiplegias, unilateral arrest of development, intra-utenne 
occlusion of the cerebral x esscls and birth injury to the cortex The 
'ascular lesions are the least frequent, he tliinks Unquestionably 
the great majority of infantile monoplegias and hemiplegias are 
acquired m the early a cars of life, as Osier states, but a considerable 
percentage of cases arc congenital, and without doubt most of tliese 
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symmetry of the motor disturbance In only 5 cases out of 200 
was there any preponderance of paralysis on one side This fact is 
hard to reconcile with the theory that such cases are due to birth 
injury, as we have found that in at least half the cases of hemorrhage 
over the convexity the extravasation is confined to one side, and when 
it is bilateral it is usually of unequal extent Hence, we would expect, 
if birth injury were the true cause, to find just as many hemiplegias 
as diplegias and unequal involvement of the two sides in the diplegias 
However, only seventeen congenital hemiplegias are to be found in 
the Harriet Lane records It seems probable that most of the 5 cases 
in which the motor disturbance was asymmetrical were true birth pal- 
sies However, the brain of one child with shghtly unequal involve- 
ment of the two sides showed “atrophic sclerosis” at autopsy 

Autopsies on 6 diplegics^ were secured, none of which revealed any 
condition to be attnbuted to birth injury Two brains showed no 
gross abnormality Only one was exaimned microscopically and no 
degenerations were found These 2 cases, therefore, faU into the group 
described by SpiUer Three more brains showed the gross appearance 
of “atrophic lobar sclerosis,” and one which was examined microscopi- 
cally showed the characteristic appearance of that condition The 
fifth brain was malformed, showing absence of the anterior corpus 
callosum, septum lucidum, fornix and falx 

It is interesting that Sachs and Osier found hemiplegias more fre- 
quent than diplegias, although many times as many diplegics as 
hemiplegics are included in the Harriet Lane records It is probable 
that the tendency to nutntive disturbances and early death in the 
diplegic group may account for this discrepancy, as most of these 
children die before they reach the neurologist 

In conclusion we may say that true congenital cerebral diplegia is 
apparently unrelated to birth injury or memngeal hemorrhage It 
depends on at least three anatomical conditions Perhaps the com- 
monest pathological picture is the so-called “atrophic lobar sclerosis” 
as descnbed by Cohier, Freud and others The brains descnbed by 
Spiller, Rhem, and Ganghofner which show slight defect in the pyrami- 
dal tracts undoubtedly constitute a distinct tjqie of diplegia, which is 

^ A seventh necropsy has been secured recendy Grossly the brain is normal. Micro- 
scopic sections are not yet available 
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probably to be regarded as a defect of development The simply 
convoluted brains which indicate disturbances in development in the 
early months of fetal hfe are another type The athetotic cases, the 
Vogts have shown, are dependent on the condition known as “etdt 
maibre ” It is probable that spasbc diplegia may be simulated by 
gross lesions including birth injunes, but it does not seem probable 
from the matenal available that any considerable percentage of cases 
can be accounted for m that way Cases of birth injury are probably 
alnays to be distinguished from true diplegia anatormcally, and the 
differentiation can usually be made chnically 


CONGENITAL MONOPLEGIAS, HEMIPLEGIAS AND DOUBLE HEMIPLEGUS 

In 1889, Osier wrote as follows, 


In infantile hemiplegia a great majority of the cases occur within the first 
three years of life, and in only a limited number is the condition congenital, 
either the result of intra-uterme disease or of accident dunng partuntion 
In bilateral hemiplegia and paraplegia the reverse holds good, in a large 
proportion of the cases the trouble dates from birth and is the result of 
injury to the child during Us passage into the world 


Osier did not distinguish between double hemiplegias and diplegias, 
hut his excellent dcscnption leaves no doubt that he avas dealing with 
true diplegias 

Freud and Colher have taken a very different, almost exactly 
opposed, point of view Colher concludes that monoplegia, hemi- 
Plegia, and even double hemiplegia may result from gross cerebral 
birth injury, but never true diplegia He admits, however, that 
It may be impossible on clinical grounds to distingmsh double 
hemiplegia from severe diplegia with general rigidity The wTiter is 
entirely m sympathy with these views 
Batten believes that there are three pathological bases underlying 
congenital hemiplegias, unilateral arrest of development, intra-utenne 
occlusion of the cerebral vessels and birth injury to the cortex The 
'ocular lesions arc the least frequent, he thinks UnquesUonably 
0 great majority of infantile monoplegias and herraplcgias are 

considerable 

Wage of cases are congenital, and without doubt most of these 
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are the result of birth trauma Indeed, Osier found 9 among his 120 
infantile hemiplegias in which he believed such an etiology was prob- 
able The writer discovered 17 congenital hemiplegias and mono- 
plegias in a total number of 45 in the Harriet Lane Home records 
These case histories are given in brief in appeimx C In addition 8 
congenital hemiplegias with focal convulsions were found in the records 
of the surgical department In these cases operative notes are avail- 
able Brief abstracts are g^ven in Appendix E One case of congeni- 
tal spastic paralysis of the leg is described in Appendix A Eight 
cases of congemtal spastic paralysis were found in a total of 200 
cases of hydrocephalus These are abstracted in Appendix D The 
pathological anatomy was available in 10 cases in all In 3 henuple- 
gias there was evidence of old organized subdural clot with atrophy 
and scarring of the cortex beneath In 2 hemiplegias and 1 mono- 
plegia there were found porencephalic cavities in the cortex. In 3 
more hemiplegias there was local atrophy and scarring with thickening 
and cyst formation in the overlying pia-arachnoid In 1 case of 
bilateral hemiplegia the periventricular type of porencephaly of 
Schwartz was found In comparing these hemiplegias and monople- 
gias with the true diplegias the following facts seem significant In 
these asjTnmetncal paralyses there is a history of abnormal labor in 
an extremely large (area 70) percentage of all cases The heads of 
these children are of normal size or even larger than normal, and some- 
times asymmetneal Intelligence is comparatively unaffected The 
pathological findings are consistent with the diagnosis of birth injury 
Another group of cases may be considered ivith profit at this junc- 
ture The condition known as “hemorrhagic pacchymeningitis,” 
or infantile subdural hematoma, presents an interesting analogy to 
the meningeal hemorrhage which occurs at birth The extravasation 
in “pacchymemngitis” is over the convexity and is often bilateral, m 
addition it is in some cases of traumatic origm The chnical signs 
include papilledema with hemorrhages in the retina, enlargement of 
the head, vomiting, meningeal irritability and retraction of the head 
There are usually no signs of focal cerebral lesions The chief point 
of interest in the present discussion is that these children have large 
heads and not small ones, although most of these cases occur months 
after birth when the head does not enlarge so readily as in younger 
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infants If a child mth “pacchymeningiUs” survives the acute stage 
of the malady, recovery may be complete Rosenberg (109) reports 
that out of 14 patients he was able to trace after several years, 5 were 
dead of vanous illnesses, 2 were idiots, 1 an imbeale, 1 neurotic, 1 
stuttered, 2 wet the bed and only 2 were quite normal However, 
none were paralytic and no sjmdrome in any way resembhng cerebral 
diplegia resulted Only 1 of 6 cases observed by the wnter showed 
any paralysis In this case paralysis of one arm was noted 

From the matenal available the conclusion seems indicated that the 
congenital hemiplegias, monoplegias and the double hemiplegias, with 
large, normal or asymmetrical heads are in most cases to be considered 
true birth palsies Intra-utenne arrests of development and vascular 
occlusions undoubtedly constitute a part of this group, but probably a 
smaller part 

VI Relation of Cerebral Birth Injury to Hydrocephalus 

It has been suggested by vanous authors from time to time tliat 
internal hydrocephalus might sometimes result from intracranial 
hemorrhage at birth No very definite pathological evidence has been 
brought to support this theory, but it is quite conceivable that the 
organization of blood in the ventncular system or in the subarachnoid 
spaces might cause enough obstruction to the circulation of the cere- 
brospinal fluid to produce hydrocephalus Siegmund and Crothers 
have mentioned hydrocephalus as one of the possible sequels of birth 
injury, and Ross (110) and Madaire (111) have reported cases m 
which hydrocephalus developed m babies who had suffered birth 
injury Fraser and Dott behove that some types of hydrocephalus arc 
related to intracranial hemorrhage at birth 

CLINICAL DISCUSSION 

Many congenital cases of hydrocephalus show little, or no enlarge- 
ment of the head at birth Often nothing is noticed until tlic cliild is 
two or three months old, when it is discovered tliat the head is increas- 
ing in size at an abnormal rate Even at birtli it is often possible to 
suspect hydrocephalus because of abnormally large fontanels, wade 
separation of the sutures, or thinness of the bones, cspcaally when 
there is spina bifida or some other commonly assoaated malformation 
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In. such cases the diagnosis can be made definitely by ventriculog- 
raphy If the progress is rapid the head may grow at an astonishing 
rate and there may be lethargy, vomiting and even convulsions If 
the progress is slow there are usually few signs or symptoms and the 
atrophy of the brain is often extreme when the enlargement of the 
head is only moderate. Spastic weakness of the extremities and 
defective mental development are almost invariably present, but much 
less severe than one would expect from the reduction of brain tissue 
Typically the optic nerves are pale and sharply defined, but there may 
be papilledema Vision is generally somewhat reduced, and some- 
times lost Death may occur in a few months, or more rarely the 
process may become arrested and the patient may survive for years 
with a large head and more or less mental defect Infrequently the 
head is much enlarged at birth so that delivery is difficult or impos- 
sible Some of the cases of so-called “external hydrocephalus” are 
believed to be cases of internal hydrocephalus which have run their 
course in utero with collapse of the cortex. These cases reveal at 
section nothing but the basal ganglia and brain stem in a cranium full 
of clear fluid. 

The hydrocephalus which so commonly follows meningitis usually 
develops more slowly than the congenital variety. After the cranial 
sutures unite firmly, which occurs at some time between the sixth and 
ninth month, enlargement of the head is much slower and no longer 
gives any information about the degree of cerebral reduction After 
the fontanels are completely dosed, which should occur before the 
second year, enlargement of the head is infrequent but may occur up 
to ten years in exceptional circumstances 

THE CIRCULATION OR THE CEREBROSPINAL RLUH) 

Much of our present knowledge of this subject is due to the funda- 
mental work of Weed and Dandy These authors have demonstrated 
that the cerebrospinal fluid is secreted almost entirely by the choroid 
plexus of the cerebral ventrides with the probability that a small part 
may onginate from the perivascular spaces of the cortical vessels 
This fluid formed in the lateral ventrides flows through the foramen 
of Monro into the third ventricle, through the aqueduct of Sylvius 
into the fourth ventricle and through the foramina of Lusclika and the 
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median foramen of Magendie into the asterna magna From the 
astema the cerebrospinal fluid passes antenorly under the base and 
then up over the convevity m the sula between the cerebral convolu- 
tions where it is absorbed into the dural sinuses through the arachnoi- 
dal vilh After leaving the fourth ventricle the cerebrospinal fluid is 
confined enbrely to the subarachnoid spaces 

PATHOLOGICAL ANATOHV OF INTERNAL HYDROCFPHALUS 

No real understanding of this difficult subject existed pnor to 1913, 
when the first of Dandy’s bnlhant contributions appeared, although a 
great deal of important but ill-correlated mformation had existed for 
many years Even yet some authors fail to grasp the basic pnnaples 
involved Dandy has shown that almost all cases of hydrocephalus 
arc due to obstruction at some point in the cerebrospinal fluid path- 
ways In some cases tlie obstruction is in the iter, in others at the 
foramina of cat of the fourth ventncle, and in a third type the block 
IS in the asterna at the base of the brain The first two types are 
designated clinically as “non-commumcating” hydrocephalus, because 
dye injected into the ventricles is not recovered in the spinal fluid on 
lumbar puncture The third type is termed “communicating” hydro- 
cephalus because the dye injected into the ventricles can be found in a 
few minutes in the lumbar cul-de-sac Spiller (115) has descnbed a 
case of unilateral hydrocephalus resulting from acatnaal stenosis of 
the foramen of Monro 

Cases have been reported in which an increased production of cere- 
brospinal fluid seemed to be the cause of hydrocephalus Thrombosis 
of the vein of Galen has been found and “liypcrtrophy of the choroid 
plexus” IS another unusual finding These conditions arc cxccssivclv 
rare and are mentioned merely for the sake of completeness 

WTien the iter is occluded, examination of the cut surface of the 
nudbrain shows no trace of a canal Microscopically a few strands of 
ependvmal cpithehum can be found in most cases, sometimes in tlie 
form of a flattened tube There may be several small channels and 
sometimes minute cjsts lined with epithelium are found Spiller was 
the first to gi\c a good microscopic description of this condition 
hehlaff and Gere (116) have reported the imtomical findings in 8 
cases of hydrocephalus with closure of the iter Three cases showed 
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small tumors, 2 cases showed inflammatory lesions, one of which was 
syphilitic, and 3 showed the condition pre\dously descnbed by Spiller 
Guthrie found 8 cases in which occlusion of the iter followed menmgitis 
One of Dandy’s cases showed a thin transparent diaphragm stretching 
across the aqueduct 

The author has examined the midbrain microscopically in 11 
cases of hydrocephalus in which the iter was occluded In 5 cases the 
condition was congenital as shown by the history and presence of 
other congenital malformations In these, several small channels 
hned with epithelium were found, but none of them seemed to be 
continuous (fig. 1) One got the impression that the iter had never 
been properly formed in these cases In 2 cases with a history of 
meningitis an entirely different picture was seen Here the outlines 
of an aqueduct of normal size could be made out distinctly, but the 
lumen was occupied by a fibrous mass of ghal tissue Many small 
spaces lined by ependymal cells were to be seen around the margins of 
this plug. These represented the original ependymal hning of the 
iter In 1 case the signs of an active mflammatory process were still 
present (fig 2) In 2 more cases, which ivill be discussed more fully 
later, there was a history of birth injury In these cases exactly the 
same plugging of the aqueduct was found as in the post-meningitic 
cases (fig 3) Thus it seems possible to distinguish clearly between 
the congenital cases in which the aqueduct has been imperfectly formed 
and those in w^hich an iter of normal size has been plugged up by some 
post-natal process 

Dandy descnbes two different conditions found at operation and 
autopsy in cases of obstruction of the foramina of the fourth ventricle. 
In one the fourth ventncle is represented by a greatly dilated cyst 
with a thin, transparent wall The vermis is lacking and the cere- 
bellar hemispheres are small and displaced downwards There are 
no adhesions and no other signs of a previous meningitis He beheves 
this is a congemtal defect of development, and refers to the work of 
Blake (118) and Heuser (119) who have shown that the foranuna of 
the fourtli ventricle develop by a gradual thinmng of the ventncle wall 
dunng early embi^mnic life In most cases, however, he finds dense 
adhesions and thickening of the meninges, obviously the result of 
meningitis The same condition may be found in congenital cases 
as in those which follow meningitis in infancy 
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Fig 2 Sectiox or Well Formed A.queduct “Plugged” b\ Organization or Inelui- 

ALVTORY EnUDVTE IN COURSE OF MenTNCITIS 

E\Tdences of mflammatoij’' process still present 
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In the communicating Upe, when the obstruction is at the base, 
there is in most cases emdence of old meningitis Fraser and Dott 
have also invanably found adhesions at the base in this form of hydro- 
cephalus nhich until Dandy’s publications was called "idiopatlnc” 
hydrocephalus Dandy also describes two cases of communicating 
hydrocephalus in which no signs of prenous meningitis were found 
He believes that these cases may be caused by a failure of the subarach- 
noid channels under the base to develop Weed has shorni that 
the subarachnoid spaces develop in pig embryos by a splitting of 
the penencephahc mesenchjme and begin to appear soon after the 
foramina have opened 

THE ETIOLOGY OF INTERNAL HYDROCEPHALUS 

Dandy beheves that, if we exclude the post-natal cases which are 
due to memngitis, hydrocephalus is always congenital The fact that 
the head is of normal, or nearly normal, size at birth is not eMdence 
against a congenital ongin, because Dand}'- has been able to demon- 
strate by means of ventnculography that the brain is often greatly 
reduced at birth, although the head does not become noticeably 
enlarged until several months have passed It is probable that the 
intra-utenne pressure has some effect in preventmg the enlargement of 
the skull before birth A small percentage of congenital cases, Dandy 
beheves, are due to the failure of the foranuna of the fourth ventncle 
or of the subarachnoid channels to develop The vast majority are 
due to intra-utenne meningitis which may seal up the iter, the fora- 
mina of the fourth ventricle or obhterate the cistema at the base 
The exadence for this theory is that at operation, or autopsy, dense 
adhesions are found in the postenor fossa and under the base exactly 
like the adhesions which follow meningococcus memngitis in extra- 
utenne life He has never been able to obtain any history of 
maternal lUness which would give any explanation for this condition 

Fraser and Dott beheve that intracranial hemorrhage is an impor- 
tant etiological factor which has been overlooked “We possess very 
definite exndcnce that an intracramal hemorrhage produced at birth is 
hable to be follov ed by a h3'drocephalus if the location of the hemor- 
rhage IS subtentonal in its distnbution These remarks apply only 
to ^'ent^cular (i e , non-commumcating) h3^drocephalus ” They ob- 
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tamed a history of difficult deliveiy in 7 of their 21 cases and “subse- 
quent operative interference revealed the presence of a hemorrhagic 
effusion in the membranes at the base of the brain ” These conclu- 
sions are less convincing because the authors do not recognize congeni- 
tal hydrocephalus unless there is spma bifida or the head is "consider- 
ably enlarged at birth, so mudi so, sometimes, as to constitute an 
obstruebon to dehvery ” They admit, “In certam cases (without 
spma bifida) the statement was offered that the parents nobced the 
head to be somewhat enlarged at birth, but it is doubtful if any real 
weight can be attached to this observation” However, they have 
confirmed Dandy's statement that hydrocephalus may be demon- 
strated bj ventnculography at birth m babies with heads of normal 
size 

On the basis of CKtensive pathological cxpenence, Guthne believes 
that post-natal cases of hydrocephalus are tlie result of menmgibs 
and congenital cases are due to defects of development or intra- 
utenne menmgibs 

To determine whether birtli injury has any importance in the causa- 
tion of hydrocephalus, the wnterhas analyzed 100 autopsies of hydro- 
cephalics (see Appendix D) In 1 1 cases there was endence suggestive 
of intracranial birth hemorrhage, but 4 cases were at once excluded 
because there w'as definite proof that the hydrocephalus had existed 
at birth In 2 otlier cases the head enlarged so rapidly after birth 
that it seems most probable that the condibon was congenital In 
S cases, however, it seems possible that the hydrocephalus may have 
been more doscly connected witli the intracranial hemorrhage Two 
of these showed symptoms suggesbve of birth injury in the first few 
dajs They both had hemiplegia and later developed focal convul- 
sions Both had great reduction of the brain without enlargement of 
the skull At autopsy both showed evidences of old subdural hemor- 
rhage and destruction of the cortex with “plugging” of the aqueduct 
It does not seem possible, however, to exclude with certainty an early 
inflammatory lesion A third case vvas issoaated with hemorrhagic 
disease of the new-born and the v entncles w ere found to be small bj 
ventncular puncture on the seventh daj Repeated hemorrhages 
occurred and the brain was grcatlv reduced at aiitopsj , but the skull 
1 tis only moderatelv enlarged The aqueduct was full of blood clot 
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It is clear that the hydrocephalus in this case resulted from the bleed- 
ing, but IS IS not at all certain that a chronic hydrocephalus would 
have resulted if the child had lived longer In 2 cases vuth histones 
of birth injury the peiiventncular cavities attnbuted by Schwartz 
to birth trauma were found In both of these cases the aqueduct was 
occluded and m 1 case the description of the microscopic appearance 
of the aqueduct indicate that it was “plugged ” In the other case the 
previous surgical dilatation of the aqueduct made it impossible to 
determine the t3q)e of obstruction 
An additional hundred cases of hydrocephalus from the records of 
the Harnet Lane Home for Children have also been analysed (see 
Appendix D) Autopsy was not obtained in these cases In 5 cases 
there was evidence of intracranial hemorrhage at birth However, 
the histories state that the head was noted to be abnormally large at 
birth in 4 of these cases, although in only 2 are exact measurements 
stated. In the other case no abnormality of the head was noted at 
birth, but it was impossible to obtain an accurate history so the diagno- 
sis must remain at least doubtful 

Spontaneous subarachnoid or intraventncular hemorrhage in adults 
gives rise to marked signs of increased intracramal pressure and aU 
the signs and symptoms of a menmgeal reaction includmg some fever, 
leucocytosis in the blood and an increase in white cells in the cerebro- 
spmal fluid It is well known that the symptoms in such cases pass 
off when the blood is absorbed, and Symonds does not mention hydro- 
cephalus as one of the sequels of subarachnoid hemorrhage m his excel- 
lent article on that subjer^^^ The writer has observed two patients in 
^ who"^ repeated intray' hemorrhages occurred over a series 

months T' y a moderate dilatation of the ven- 

Lopsy, and obstruction in the v^pcular 

< facts te that intraventncii^ t- 
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earned into the aqueduct by the arculation of the cerebro-spinal fluid 
and remain long enough to give nse to an organized “plug ” 

In conclusion it seems eiudent that birth mjury can not be more 
than an exceptional cause of chronic hydrocephalus The extravasa- 
tion of blood into the ventncular system or subarachnoid spaces of 
infants produces an increase m intracranial pressure, enlargement of 
the head, dilatation of the vcntncles and a mild mflammatory process 
in the meninges In the vast majority of cases such symptoms are 
transient and disappear when the blood is absorbed It is possible 
that the aqueduct of Sylvius may be plugged by a blood clot or bits of 
necrotic bram tissue which becomes organized and a progressive hydro- 
cephalus ensues In six cases out of two hundred it is probable, but 
not certam, that this actually took place Most of these cases were 
easily distmguished from the common type of chrome hydrocephalus 
Almost all cases m which internal hydrocephalus and intracranial 
birth hemorrhage coexist are found to be cases of congenital hydro- 
cephalus whose thin skulls and large heads have predisposed them to 
birth injury It seems probable that some of the cases of arrested or 
non-progressive hydrocephalus assoaated with congenital hemiplegias 
and other spastic paralyses arc to be attnbuted to intracranial injury 
at the time of birth 

VII Relation of Epilepsy to Cerebral Birth Injury 
“essential” epilepsy 

By definition “essential” epilepsy bears no demonstrable relation 
to bram disease or injury, but occurs in otherwise healthy people 
without obvious cause Cbmcally, however, the term is loosely used 
to apply to epilepsies without signs of focal brain lesion It is well 
known that a certain percentage of such patients show gross brain 
lesions at necropsy Southard (120) and Thom found only 68 grossly 
normal brains out of a total of 205 brains of epileptics It is obxnously 
difficult to obtain any figures of the inadencc of birth injuncs in such a 
dmical group because as soon as such an injury becomes probable 
the case is placed in another group However, the recent studies of 
Patrick and Leay (121) throw some bght on tlus problem They 
compared the histones of 500 “jdeopathic” epileptics with those of 
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750 unselected normal children. In-only 5 of the epileptic cases was 
abnormal labor the ‘^assigned” cause. The incidence of forceps deliv- 
ery and asphyxia were about the same in both groups In the epilep- 
tic group 3 6 per cent were delivered by forceps and 2 4 per cent were 
asphyxiated at birth It must be borne in mind that these figures 
apply only to “essential’^ epilepsy in the clinical sense 

The anatomical changes found in '‘essential” epilepsy fall into three 
groups First, developmental anomalies including various hetero- 
topias and malformations of the cortical architecture These findings 
have been stressed recently by Pollack (122) and by Geithn (123). 
Secondly, acute changes in the nerve cells and fibers found in brains of 
patients dying in status epilepticus Pierce Clark and Prout (124) 
gave a good description of these in 1903, and Sevan Lewis (125) 
demonstrated similar changes as early as 1890 Kogerer (126) has 
discussed the same problem recently The third group includes the 
chronic changes such as degeneration and disappearance of the corti- 
cal cells, subpial gliosis and sclerosis of the cornu amonis Spiel- 
meyer (127) has given an exhaustive description of these lesions. 
Meyer (128) has shown, however, that the last two groups of changes 
are merely secondary and not to be considered in any sense characteris- 
tic There is, therefore, no clinical or anatomical evidence to connect 
birth injury in any way mth "essential” epilepsy 

“secondary” epilepsy 

The relation of recurrent convulsions to bram injuries of various 
types is established beyond any doubt Fracture of the skull, gunshot 
wounds of the brain (129), cerebral neoplasms (130), granulomas, 
abscesses, scars of old inflammatory or vascular lesions, all are apt to 
result in convulsions, general or focal. Dandy (131) has found local 
areas of cortical atrophy and scarring at operation in a very large 
percentage of all cases of epilepsy He has also been able to demon- 
strate these lesions by ventriculography since, as he shows, any loss 
of substance m the brain is compensated for by an out-pouching of the 
ventricle and an enlargement of the subarachnoid space S A K. 
Wilson (132) has recently published a cntical analysis of the relation 
of trauma to diseases of the nervous system He wntes as follows 
“It has been asserted almost universally that trauma may cause 
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epilepsy, I have never been able to understand why I 

assoaatc myself entirely with Turner when he insists that ‘it is diffi- 
cult to avoid the conclusion that something more than local tissue 
alterations is requisite for the production of the seizures of traumatic 
epilepsy, and the determirang agent, m my opmion, is an inhented or 
inborn constitutional predisposition to nervous instabihty and epi- 
lepsy ’ R G Gordon has obtamed evidence of a neuropathic pre- 
disposition in 75 per cent of his cases, m a senes of my own, from the 
pensioners’ dmic at the National Hospital, Queen Square, I have found 
similar evidence m 80 per cent ” Obviously somethmg more than the 
brain mjury is necessary for the production of epilepsy because the 
vast majonty of patients u ith cerebral lesions do not have convulsions, 
yet no one that deals with neurological patients and observes the fre- 
quent instances in which focal convulsions follow injuries to the bram 
can help fechng that bram mjury is at least one factor m the produc- 
tion of cpdepsy It might be permissible to point out that “nervous 
instabihty” and “neuropathic predisposttion” are rather illdefined 
hereditary factors w hi ch most of us share w ith the epileptics 

In children, it is usually taught, bram mjunes are even more likely 
to lead to epilepsy than m adults Holt and Howland state that 
epilepsy occurs m from 33 to SO per cent of all infantile cerebral palsies 
Osier found 35 cases of epilepsy out of 120 infantile hemiplegias 
Spratling states that 40 per cent of all infantile hemiplegias develop 
epilepsy Five of the 17 cases of congenital hemiplegia from the Har- 
nct Lane Home arc subject to convulsions, and there is no doubt that 
about one third of all children with spastic paralysis due to birth injury 
dc\elop focal, or less frequently general convulsions Eight cases of 
focal epilepsy assoaated with congenital henupegias and monoplegias 
were found in the records of tlie surgical department These cases are 
abstracted in Appendev E 

Spratling daims that 11 per cent of 1070 cases of epilepsy are to be 
attnbuted to infantile cerebral palsies About one-third of these, he 
tlimks, are congenital In order to gam some idea of the frequency of 

secondary” epilepsj following cerebral birth injury, the writer ana- 
1> zed the histones of 100 unselect cd cases of epilepsy seen in the neuro- 
logical out-patient department In only two cases was there a history 
of birth palsy to be obtained, although tlicrc w as a large percentage of 
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focal epilepsies in the group Howerer, it was felt that this result was 
inconclusive because many of the histories were meagre and probably 
inaccurate Many of the patients were adults and had forgotten 
anything they might have been told about their birth 

Another senes of 100 imselected case histories of epileptics from 
the Harriet Lane Home records was analyzed Nine of these cases 
were of the focal, or Jacksonian, type and 3 of these were definitely 
associated with birth injury Two of these 3 patients had congenital 
hemiplegias and the third had sustained an mjury to the left side of the 
head at birth and later developed focal attacks on the right side 
Five congenital diplegics were found in this group and 6 post-natal 
hemiplegias In all 14 cases were associated with spastic paralyses. 
It is evident that these figures are in essential agreement with those 
of Sprathng, and it seems probable that approximately 2 or 3 per cent 
of all epilepsies are related to birth injury 

VIII Relation of Cerebral Birth Injury to Mental Defect 

Imperfect mental development, or amentia, occurs in many different 
conditions, few of which are related in any way to abnormah'ties of 
labor. The ovs'rwhehning majority of such cases are due to congenital 
defects of various types A common one is the '^mongolian'' idiot 
The microcephalic with the simply convoluted brain is frequently 
encountered Many microcephalies are also diplegic and have already 
been discussed In cases of so-called simple amentia the bram may 
be grossly normal, but on microscopic examination a deficiency of 
cortical cells or an abnormal cortical architecture are revealed 
Tuberose sclerosis is a rare type of congenital abnormality of the 
nervous system associated with multiple tumor formation and amentia 
The ‘'hypertrophic” bram is also a rare condition foimd in idiots 
with large heads Such brams are of great size and weight and show 
extreme complexity of the convolutions Scaphocephaly, oxycephaly 
and acrobradycephaly are all congenital malformations of the skull 
sometimes associated with mental defect The most important factor 
in all these types of congenital defects of cerebral development, Mott 
believes, is a defective germ plasm Tredgold and Goddard hold 
similar views 

Another group of conditions results in inhibition of mental develop- 
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ment soon after birth Prominent among these is thyroid deficiency 
Various types of infantile encephaliUs, juvenile general paresis, and 
several forms of infantile cerebral degenerations belong m this group 
Idiots by depnvation of sense organs, deaf-mutes, etc , may be related 
to early meningitis Early epilepsies may also be included 
Only three types of mental defect have any possible relation to birth 
injury the spastic, the hjdrocephahc and the epileptic, all of nhich 
have been discussed already There remains the remote possibility 
that some birth injunes might involve large areas of corte\ ivithout 
producing paralysis or epilepsy Such cases must obviously be exces- 
sively rare 

Potts (134) has stated that 12 per cent of 5430 cases of mental defect 
are to be attnbuted to birth injuries He apparently compiled these 
figures from the literature and gives no references Beach and Shut- 
tleisorth (135) estimate that 17 5 per cent of idiots are the result of 
birth injuries It is evident that these figures are excessive and it 
IS probable that both authors have included the diplegias among the 
results of birth injury Tredgold and Bolton (136), on the basis of an 
extensive pathological experience, both feel that mental defect of anj 
pronounced degree is rarely related to birth mjury Tredgold states 
that not more than 1 5 per cent of all idiots can be traced to birth 
injury, and these are invariably epileptic 

IX Conclusions 

It IS not possible to reach any final conclusions about the exact 
hmits of the group of cerebral birth palsies from the evidence ax ailable 
The cases of spastic paralysis have been difficult toanalj’se, and in manj 
cases a satisfactory neurological cxanunation has not been possible 
Verjf few cases of intracranial hemorrhage uhich survived could be 
found and these have not been followed long enough The pathologi- 
cal anatomj is very meager and usually imperfectly described and 
studied Before anj dear understanding of these problems can be 
secured a large senes of detailed pathological-anatomical studies must 
be made with adequate clinical control However, unsatisfactory as 
the material may’ be, certain impressions hav c been gained in the course 
of tlus investigation which it seems permissible to state in the form of 
tentative conclusions 



First, very convincing evidence has been gathered that the congeni- 
tal diplegias which constitute by far the largest group of infantile 
spastic palsies as seen in the pediatrics department (235 out of 280 
in aU) are not to be attributed to meningeal hemorrhage at birth, but 
are the result of various pathological processes of intra-uterine origin 
Four principle arguments support this conclusion Meningeal hemor- 
rhage is in at least half the cases unilateral, and when bilateral is almost 
always unequal on the two sides, cerebral diplegias are, with very few 
exceptions, bilaterally symmetrical The heads of diplegics are 
usually either definitely microcephalic or slightly below normal size, 
meningeal hemorrhage causes rapid enlargement of the head Chil- 
dren who are known to have intracranial bleeding atbirthorinmfancy 
do not develop cerebral diplegia. Lastly, the pathological anatomy 
of true congenital diplegia is such that it can not be reconciled with 
any theory of birth injury 

If the above statements are correct it will be seen that cerebral 
birth injuries are rare rather than common, and the great mass of 
infantile palsies can no longer be lightly attnbuted to faulty obstetri- 
cal procedures 

No final statement can be made about the relation of intracranial 
birth injury and chronic hydrocephalus Undoubtedly, marked en- 
largement of the head may occur with extensive bleedmg into the ven- 
tricular system or subarachnoid spaces, but in most cases the blood is 
eventually absorbed without leaving any permanent obstruction to 
the circulation of cerebrospinal fluid Possibly m some cases chronic 
hydrocephalus may result from plugging of the aqueduct by a blood 
clot or a bit of necrotic brain tissue, and organization of the obstruc- 
tion It seems likely that some children with large heads and con- 
genital asymmetrical spastic paralyses owe their condition to birth 
injury. Intracranial hemorrhage is not uncommonly an accidental 
complication of congenital hydrocephalus because these infants have 
large heads and thin skulls 

The common diffuse meningeal hemorrhage which is not large 
enough to cause death apparently leaves no residuum m the over- 
whelming majority of cases. The real birth injuries to the brain are 
caused by the rarer intracerebral hemorrhages and necroses, by de- 
pressed fractures with laceration of the brain, and undoubtedly, by 
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some more or less encapsulated menmgeal hematomas which compress 
and soften the cortex All the evidence which the ivnter has been 
able to collect seems to mdicate that the true cerebral birth palsies are 
represented by the congenital hemiplegias, the monoplegias and the 
asymmetncal and unequal bilateral spastic paralyses These children 
have large or normal heads, even m some cases asymmetncal heads 
Their mtelhgence is on the average much greater than that of the 
diplegics A history of birth mjury may be obtamed m a very large 
percentage of such cases and the pathological anatomy is qmte con- 
sistent with the hypothesis of gross bmth injury Of course, it is 
realized that asymmetncal congenital defects of the bram are mcluded 
with these cases and are probably clmically mdistinguishable from 
them Numencally this group, w hich the w ritcr behe\ cs is pnnapally 
composed of true cerebral birth palsies, is surpnsmgly small, just 17 
out of 280 mfantile cerebral palsies m the Harnet Lane Home records, 
if u e exclude the S asymmetncal diplegias These figures iv ould mean 
that about 6 per cent of all mfantile cerebral palsies are due to bmth 
injury, but the group is not well enough defined to attempt any numen- 
cal cstunation Recurrent convulsions occur in about one-third or 
more of these cases, and we have already concluded that about 2or 3 
per cent of all epilepsies seen in children are related to birth mjury 
Severe grades of mental defect are probably not related to birth injury 
vnth the exception of that type which develops m assoaation with 
frequent convulsions Tredgold estimates that not overl S per cent 
of demented patients who die m asylums owe their condition to birth 
injury and it seems probable tliat these figures are V'ery approximately 
correct 

I wish to tliank Dr Adolf Meyer under whose supervision this work 
was earned out, and Dr Jolm Howland, Dr Walter E Dandj and Dr 
J WTiitndge Wilhams for their cntiosm and pemussion to use their 
case lustones 


APPENDDC 

A 1 OUR Cases or Intracramal Birth Hciiorrhage from the Obstet- 
rical Dfpartmfnt 

There were approximately 50 cases in this senes in whicli the diagnosis 
of intncrannl birth hemorrhage was made or saspccted Out of the whole 
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group only 7 survived. In 3 cases lumbar punctiure was not performed, 
and as no signs of an intracramal injury appeared later, these cases have 
been omitted. The remammg 4 cases are abstracted below. 

Case 1 {Dtsp H 38370, Obs. 10856) 

M C , first pregnancy, mother had seven convulsions, labor terminated 
by manual dilatation and high forceps, cut by forceps over left eye and left 
occiput, extraction diflScult, deep asphyxia, did not cry for two hours, 
convulsions on second day, fontanels full, severe brachial plexus palsy on 
the left which improved gradually, at the age of several months mother 
noted child did not use right leg well, right arm also slightly clumsy, eyes 
always crossed, no more convulsions, mental development retarded, never 
learned to talk well 

P E. At age of five years head 51 cm in circumference, residuum of old 
upper ann brachial plexus palsy on the left, nght leg very spastic and shows 
shortening and eqmnus position, left leg is used well, nght arm is very 
slightly clumsy, eye movements are non-cormtant, patient holds head to 
right as if there were right hemianopia, can say only a few words, but is good 
natured and obedient. 

Case 2 (Obs. 10694, Fed. 26279) 

L B , colored, first child, delivered by mid forceps after manual dilata- 
tion, blades slipped and head was cut, deep asphjrxia, resuscitated with 
difficulty, on second day fontanels bulged, marked rigidity, on third day 
spinal fluid showed much altered blood, rapid improvement and on dis- 
charge on sixteenth day seenied well 

P. E. At the age of two years head normal size, no weakness or paralysis 
w6ll nounshed and mental condition seemed normal, moderate nckets. 

Case 3 (Fed 40512) 

A G., child of healthy parents, bom at term by difficult labor, episiotomy 
was necessary, moderate cyanosis but seemed normal, on second day grew 
rigid and had many convulsions, spmal fluid full of slightly altered blood, 
jaundice, spinal fluid cleared up gradually in three weeks, three lumbar 
punctures done in all, on discharge at three weeks child seemed well. 

P E At five months head 42 cm , well nourished and development 
seemed normal At one year and nine months head 44 5 cm , no sign of 
spastic weakness, normal healthy child. 
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Case 4 (Ohs 15318) 

Babj \V , first child, premature rupture of membranes, perineal dystocia, 
low forceps, strong traction required, episiotomy necessary, moderate 
asphyxia, abrasion over each ear, on the second day rigid, restless, frequent 
general convulsions, fontanels tense, almost pure blood obtained from the 
cistern, on the third day flmd still bloody, rapid improvement, at thirteen 
days fluid almost clear, only sbght ngidity 
PE At five months normal healthy child, no rigidity or weakness 

B Analysis of 200 Cases of Congenital Bilateral Spastic Paralysis, 
Mostly Congenital Diplegias (frost the Harriet 
Lane Hosie Records) 

CONCENTTAL CEREBRAL DIPLEGIA 

Cast 1 (Ped 7040, Path 5127) 

M L McH , third child of healthy parents, one sibling living and well, 
second pregnancy resulted in four months miscarriage 
P I The patient was bom prematurely at about seven months, labor 
was easy and no instruments were necessary, weight was 5 pounds, there 
was some asphyxia and the child nursed \ cry poorly 
PE At seven days it was noted that the child was inert and signs of 
prematurity were evident When seen again at three months there was 
some rigidity of the extremities, and a tendency to hold the legs crossed, the 
child swallowed with difficulty and was much undernourished At eight 
months the head was 42 cm in circumference ^Vhen child was handled 
there was intense muscular rigidity' and opisthotonos, when undisturbed 
apparently no muscular spasm, when objects were placed m the child’s 
hands they were grasped and held until they were removed, the optic 
nerve heads were normal, the tendon reflexes were increased At three 
y cars the child could not talk but made grunting sounds and could express 
Its wants by this method, it swallowed with difficulty, the head was held 
up but tlie child could not stand or walk without support, there was intense 
general spasticity and “scissors gait,” tendon reflexes were increased, mental 
dev clopmcnt seemed much retarded, — patient seemed to recognize parents, 
however 

Operation The meninges were thought to be thickened and an excess of 
fluid in tlie subarachnoid space was found Notliing more than an explora- 
tion was attempted The child died soon afterwards 
Pathological anatomy The bram and meninges seemed normal, the 
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\essels were normal, no adhesions were seen, the ventricles were not dilated, 
the convolutions were smooth and full, the sulci not widened. Micro- 
scopically the pyramidal tracts in the cord showed no degeneration, it 
seemed possible that there may have been fewer fibers than normal but one 
could not be sure of this, however, the fibers did seem somewhat finer and 
of irregular size as compared with the posterior column fibers. Sections of 
the paracentral lobule showed no degeneration or gliosis but large pyramidal 
cells were possibly diminished m number, and giant cells were not easy to 
find Sections through the basal nuclei showed nothing abnormal All 
the cell studies were difficult because the material stained poorly The 
brain weighed 1250 G 

Case 2 {Fed 33486, Path 7978) 

M. D , second child of healthy parents, the first child died m infancy 
from unknown cause 

P. I. Birth spontaneous at term, weight 7 pounds, did not cry, respira- 
tion very irregular, cyanotic at times, did not nurse 

P E When seen at three days head was 36 5 cm in circumference, the 
fontanels were full but not bulging, there was general rigidity and frequent 
convulsions, respirations were irregular and gaspmg, the child could not 
nurse, after several days it was discharged improved At seven months the 
head was 38 cm respiration was now normal, but there was marked general 
rigidity, no mental development had occurred and there were frequent 
convulsions Spinal fluid was normal. At nmeteen months the head 
was 39 5 cm m circumference, general rigidity and adductor spasm, marked 
under-nutrition, bronchopneumoma, death 

Pathological anatomy The merunges were not thickened, the dural 
sinuses were patent, grossly there was some shrinking of the convolutions 
of the frontal lobes, the sulci m these regions were widened and possibly 
more numerous than normal, the shrinking seemed more marked at the foot 
of the gyri than at the apex, so some of the convolutions seemed undeniuned 
behind the central convolutions the cortex was grossly normal, the lateral 
ventricles were somewhat dilated, i e , hydrocephalus ex vacuo 

Microscopic examination showed marked loss of nerve cells in the cortex 
of the frontal lobes and motor area and a secondary ghosis, there was no 
sign of an inflammatory process, m the spinal cord the pyramidal tracts 
V ere severely degenerated and there was also degeneration in the region 
of the uncrossed motor fibers and the direct and indirect cerebellar path- 
ways (i e , tracts of Gowers and Flechsig) The basal nuclei seemed normal 
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Case 3 (Fed 11112, Path 4747) 

T H , first child of healthy parents, bom bj long labor, no forceps, jaun- 
diced ten days, very ill, at five weeks was noted to be stiff 


TABLE 1 

Analysts of ZOO cases ofcmcemlal Malcral spashc paralysis 


1 

KUMBER 


Btrlh htstory 



Con^nIls^ons in first two weeks 

31 

16 0 

Feeble nursing and respiration 

64 

32 0 

Difficult labor 

30 

IS 0 

Precipitate delivery 

10 

S 0 

Prematurity 

66 

33 0 

Heads 



Microcephaly* 

71 

3S S 

Ox>ccphaly 

3 

1 5 

Scaphocephaly 

1 

0 s 

Asymmetncal heads 

3 

1 5 

Poralysts 



Paraplegias 

12 

6 0 

Spastic diplegiast 

168 

84 0 

Asjmmelncal bilateral paralj-sesf 

S 

2 5 

Athetotic diplegias 

12 

6 0 

Choreic diplegiis 

1 

0 S 

Flaccid diplegias 

2 

1 0 

epilepsy 



Conimlslons, generalized 

S6 

28 0 

rathologtcal anatomy 



"Atroplc sclerosis” 

3 


Gross malformation 

1 


Grossly normal, defect in cortical cells (?) 

2 



6t 



• Thu term should be quuhficd by the statement that the heads were usually only 
shghtly under normal size and the chddrcn's general dcaclopment almost nlnajs under 
par 

1 1t IS possible that there arc some bdatcral hemiplegias m this group 

1 Abstracted in opjiendix B 

1’ E *\l four and one-half months poorly nourished, head 35 cm in 
circumference, internal squint, all tendon reflexes increased, cannot sit up 
or hold up his head, general spastic ngidit) , spmal fluid ncgatis e, death of 
malnutrition and furunculosis 

I’alhological amtomj Brain showed full round contolutions, meninges 
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delicate, sulci not widened, no abnormalities of the vessels, ventricles not 
enlarged, microscopic examination not made, brain cannot be found for 
further examination 


Case 4 {Fed. 41534, Path 8207) 

W. J. Z , birth by easy spontaneous labor, no evidences of birth injury, 
nursed well and seemed normal until four months when it was noted that 
child did not hold up head normally, never could sit up, no signs of mental 
development, convulsions at six months, diarrhea and digestive disturbance 
developed 

P. E. At six months head 35 5 cm in cirucmference, and somewhat 
pomted at top, weakness of all extremities, tendon reflexes mcreased, very 
little spasticity, no signs of mental development, marked under-nutntion, 
and death from pneumonia and otitis media 

Pathological anatomy: Bram of normal size, falx and longitudinal sinus 
extend anteriorly only to fissure of Rolando, septum lucidum, anterior part 
of corpus callosum and fornix are lackmg, anterior to the falx the convolu- 
tions mterlock but do not fuse, rest of the brain shows no gross abnormali- 
ties, no microscopic examination made 

Case 5 (Fed 404445, Path 8059) 

W. H , bom by easy, spontaneous labor at term, three sibs normal, 
mothers’ first pregnane}' was an eighth month miscarriage, patient had severe 
jaundice and many convulsions on the third day, very lU, never considered 
a normal baby, never learned to hold up head, or use arms or legs well, left 
arm was used a little better than the right, numerous “rigid spells” prob- 
ably convulsions, no mental development 

P. E At fourteen months head 48 5 cm m circumference, somewhat 
flattened in bipanetal diameter and increased anteroposteriorly, left side 
of forehead is less prominent than the right, marked adductor spasm and 
spastiaty of both legs, arms are relatively spared, but there is some motor 
disturbance in both arms, more severe on the right, tendon reflexes in- 
creased, bilateral extensor response, no signs of mental development, death 
a few days later from otitis media and pneumonia 

Pathological anatomy Gross atrophy of both frontal lobes, more severe 
on the left side, other lobes of brain are apparently normal and show full 
round convolutions, meninges dehcate and vessels normal, gross appearance 
like that of bram in case 2 No imcroscopic examination made, brain 
cannot be found 
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Case 6 {Fed 3P402, Path S30Z) 

P T , full term, normal deli\ery, duration six hours, no forceps, deeply 
asphyxiated, three hours before child could be resuscitated, Height se\en 
and one-half pounds, convulsions after breathing started 
PE At tHO days head 36 cm , no superficial injuries, slight cyanosis, 
general rigidity noted, tendon reflexes increased, snaUowmg difficult, 
regurgitation through nose, fed by' gavagd, vomited, thought to have intra- 
cranial hemorrhage but cistern puncture gave normal fluid, convulsions 
ceased at six day s At five weeks head 38 cm , nutrition poor At seven 
months head 43 cm , severe nutritive disturbance, furuncles, otitis media, 
pneumonia, death Never showed any signs of mental development 
always definitely ngid but neurological condition was overshadowed by 
metabolic disturbance 

Pathological anatomy Brain small, weight 690 grams, atrophy of con- 
volutions over whole surface but especially those on either side of the 
Sylvian fissure, brain abnormally hard, meninges normal, vessels normal, 
wasting perfectly symmetrical, spinal cord not examined, no signs of hemor- 
rhage, no microscopic examination Brain cannot he found 

ASYMMETRICAL AND UNEQUAL BILATERAL CONGENITAL SPASTIC PARALYSES 

Case 7 {Fed Z7744) 

E E B , born at term by long difficult labor, forceps required, deep 
cyanosis, difficult resuscitation, very bmp and weak for a week, did not 
nurse Face asymmetrical, drawn to the right, no convailsions, left arm and 
leg were never moved freely, gradual improvement, has always seemed 
bright 

P E At ten months head normal size, child seems normally alert, left 
arm very spastic, right arm used well, some motor disturbances in both 
legs, more marked on the left, back and neck also weak 

Cased (Fed 36233) 

V Jf C , first child, bom at eight months by difficult forceps deliv ery 
through contracted pelvis — said to have been injured but exact details 
arc not available,— difficulty in using extremities noted in first few months 

PE At three y ears head normal, nght arm v ery spastic, both legs show 
some spasticity but this is more marked on tlic right, some tendency to 
inlcmal strabismus, mental development seems normal 
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Case 9 {Ped. 16611) 

W, H , second pregnancy, first was a miscarriage, bom at term by difficult 
breech delivery, no signs of injury noted. At three months it was noted 
that child did not use left arm and leg as well as the right, late in holding up 
head 

P. E. At two years head 50 cm in circumference, seems normally m- 
telligent, left arm spastic, some spasticity and adductor spasm in the legs 
not stated to be unequal. 


Case 10 (Ped, 20710) 

W. P. W , third pregnancy, first two were miscarriages No history of 
birth available. At two months it was noted patient did not use left limbs 
well 

PE At three and one-half years head 53 3 cm ; left arm very spastic, 
and smaller than the right, both legs somewhat spastic, the left leg is 
shorter than the right and seems more severely involved, no note of intelli- 
gence, poor history, family are very ignorant. 

Case 11 (Ped 24313) 

F. S , first child, labor stated to have been normal, but no details avail- 
able no birth injury noted, never used left arm or leg well 

PE At five years head normal size, left arm very spastic and smaller 
than the right, both legs slightly spastic, the left one worse, mental condition 
not noted 

All five of these cases showed essentially a well marked hemiplegia 
(with greater involvement of the arm than the leg) complicated by a spastic 
weakness of the opposite leg which was not so severely affected as the 
homolateral leg It is unfortunate that no observations upon the patho- 
logical anatomy are available and that the histories were not very satis- 
factory. However, a history indicative of possible birth injury was secured 
in several cases and it seems probable that most of these cases are true birth 
palsies A case of bilateral spasticity due to porencephalic cavities m both 
cerebral hemispheres is included in appendix D The cavities are periven- 
tncular and very similar to the central porencephaly described by Schwartz 
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C Analysis of 17 Cases of Congenital Heiopllgia and Monoplegia 
FROM THE HAERLET LaNE HOHE RECORDS 

Case 1 {Fed 770S) 

C S No accurate information about birth, said to have iveighed 12 
pounds, senes of convulsions at sit days, never opened left eye, \ omited 
frequently 

P E At three weeks head was 40 cm , sutures were widely separated, 
left lid drooped, left pupil large, fixed, left eye turns out, weakness of left 
deltoid probably pcripheral,head asymmetncal.left frontal region flattened, 
all tendon reflexes increased, general increase in muscular tone, much old 


TABLE 2 

Awoljjii ej 17 cojej of cmgemtol monoplegia and htimplegta 



KOVBCa 

Btrth history * 


Comiilsions m first two weeks 

4 

rccble nursing and respiration 

s 

Bifiicult labor 

9 

Precipitate delivery 

1 

Prematunty 

1 

Heads 


Microccphalj 

0 

Asymmctncal beads 

4 

Pcrolysts 


Hemiplegias 

Ifi 

Monoplegias 

1 

Epilepsy 


Conxnilsions, focal 

5 


' No hisloiy o! birth nas secured in 2 cases 


blood m spinal fluid At tu o months head was 41 cm in circumference, 
spastic of the right arm and leg was noted, one general convulsion At 
three months head was 41 cm in circumference, no more convulsions, bright 
child, right sided weakness still evident At five months mental de\clop- 
ment seemed satisfactoiy Right arm and leg spastic, third nen e palsy 
all gone except for large pupil, head still asymmetrical 

Case Z {Fed ZmS) 

I B , fust child, instrumental delivery, did not breathe well, two large 
cephvlhcmalomns, vomited blood for four days At mne months it was 
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noted that right arm and leg were not used normally, leg has improved more 
than the arm 

P. E. At five years head normal size, moderately severe right hemiplegia, 
extremities on right are somewhat underdeveloped, mental condition not 
noted. 


Case 3 {Pei. 17855) 

L L , third pregnancy, bom by spontaneous labor, no history of dystocia, 
first two pregnancies resulted in miscarriages, child never used right arm 
or leg well; otherwise seems normal 

P. E. At one year, size of head not given, partial right hemiplegia, 
mental condition not noted, poor exammation and history. 

Case 4 {Pei. 35242) 

A. 0 , first child, bom at seven months by normal labor, never able to 
use right arm or leg well, mental development apparently normal, no 
convulsions noted. 

P. E At twenty months head large, S 3 Tnmetrical, spastic weakness of 
nght arm and leg with some under-development, child seems mentally 
normal. 


Case 5 (Pei. 38753) 

E D , third child, bom by precipitate labor, very cyanotic, did not cry 
or nurse for three days, on the ninth day twitchmg on the left side of the 
face, left arm and leg were cold and blue from birth and patient never 
moved them much for six months, eyes were crossed, at four months focal 
convulsions started on the left side 

P. E At seven years head 51 cm , in circumference, left arm and leg 
weak and spastic, right external rectus weak, mental condition not obviously 
subnormal. 


Case 6 {Pei. 23418) 

B. E , first child, bom by long difficult labor, forceps extraction, head 
lacerated, occiput flattened, probable fracture of skull, convulsions for six 
days, never used right arm and leg well, mental development fairly good, 
passed at school, infrequent focal convulsions on right, starting at six 
years 

P. E. At eleven years head 53 5 cm m circumference, speech difficult, 
moderately severe nght hemiplegia; mental development nearly normal. 
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Case 7 (Pcd 16Z79) 

M A , third pregnancj , forceps delu erj at term, labor lasted sixty hours, 
nght ear and scalp cut, left facial paralysis apparently peripheral, alwaj-s 
dragged nght leg and never used right arm well 

PE At two years head normal size mental condition normal, shght 
residuum of right hemiplegia 

Case 8 {Fed 4113) 

G H , full term labor termmated by forceps, did not cry for several days, 
did not nurse, when child was only a few months old it was noted that the 
left arm and leg were not used welL 

PE At five years partial left hemiplegia with under-development 
intelligence normal, head normal size 

Case9(Pcd 8494) 

I K , first chdd bom by difficult labor, forceps used, buth w eight fourteen 
pounds, laceration of nght side of head, convulsions on second day, weak- 
ness of left arm and leg noted at age of three months 
P E At two years head of normal size, old depressed fracture on right 
side, partial left hemiplegia, not much difference in size of extremities on 
two sides, mental development only slightly retarded 

CasclO{Pcd 40459) 

F G , first child, born at term (?) by difficult high forceps extraction, 
birth weight 4 pounds, child never used right arm and leg well 
PE At twenty-two months head of normal size, no difference m size 
of limbs yet apparent, sev ere nght hemiplegia, no convulsions noted, mental 
condition not noted 

Case 11 {Pei 4787) 

E G , fifth child, bom by full term normal labor, development retarded, 
did not walk until age of two years, talked at two years and three months, 
never used nght arm and leg well 

P E At SIX years head 50 cm in circumference, mental condition nor- 
mal, sev ere right hemiplegia v itb underdev clopraent of extremities on nght. 

Case 12 {Ped 6577) 

H L , sLxth child, full term, normal labor, weight S pounds, did not walk 
or talk until age of two years, weakness of nght arm and leg noted atagt of 
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eight months, probably congenital, focal convulsions started on right at age 
of two years 

P. E At eight years, head 48 cm m circumference, right arm and leg 
spastic and poorly developed, some mental defect— Binet Simon mental 
age of 7.4 years, internal strabismus 

Case 13 {Fed 32123) 

J S , fourth pregnancy, twm died at seven months in convulsions, fifth 
pregnancy died durmg delivery, first three living and well, child bom by 
normal labor at term, weakness of right arm and leg noted as soon as child 
began to use them 

P, E At four years head of normal size mental condition normal 
right arm a little spastic, both legs are used normally 

Case 14 {Fed 38870) 

C. Z , first child, bom at seven months by difficult forceps extraction, 
poor history of birth, weakness of right arm and leg noted when child began 
to use them, left arm was thought to have been weak at fijst 

P. E. At two years head of normal size, partial right hemiplegia, no 
obvious difference in size of extremities on the two sides, mental develop- 
ment fairly good. 


Case 15 {Fed 43811) 

G C , fiirst child, born by difficult forceps delivery, forehead cut, never 
used right arm or leg well, onset of focal convulsions at three months on the 
right side 

P E. At eight months head 44 5 cm m circumference, symmetrical, 
tendency to internal strabismus, spastic weakness of right arm and leg, 
face very slightly involved, no obvious difference in size of extremities on the 
two sides, mental development seems good 

Case 16 {Fed 29454) 

W. W. K , twelfth child of healthy parents, said to have been bom by 
normal labor, never used right arm or leg very well, focal convulsions on the 
right side at long intervals 

P. E At five years head 47 5 cm in circumference, right arm and leg 
very spastic and smaller than extremities on the left, mental condition not 
noted 



CEREBRAL BIRTH INJURIES AND THEIR RESULTS 


181 


Case n (Fed 34S76) 

E B , first child, full term forceps deliverj’, no otlier information about 
birth available, never used nght arm or leg w ell 

P E At fifteen months head large, nght side flattened, mtemal stra- 
bismus, right arm and leg are weak and spastic, and somewhat under- 
dc^ eloped, seems bright 

TWO CASES or THROMBOSIS OF THE SUPERIOR LONGITUDINAL SINUS 

Case IS (Fed 42061, Falh S2P4) 

E E , birth spontaneous at term, lasted eighteen hours, deep asphyxia, 
did not breathe, revived with difficulty, next day general twitching, vomited, 
limbs flaccid, very ill 

PE \t tweU e days flaccid paralysis of all limbs, becoming spastic m 
two dajs, general muscular twitching, fontanels flat, pupils small and fixed, 
internal squint, spinal fluid clear, longitudinal sinus not punctured, pneu- 
monia and death at fifteen days 

Patliological anatomy Thrombus m longitudinal smus showing begm- 
ning organization, brain soft, not carefully examined, cannot be found for 
further exammation 

Case 10 (Fed 44555) 

S M , tenth child, sibs all living and well, bom by long dry labor, no 
signs of birth injury, on second day developed ecchymoscs over face and 
trunk, vomited blood, on the fifth day left arm began to twitch and later 
the right arm was involv cd 

P E At SIX dajs rhjthmicil twitching of all extremities, more evident 
m the left arm and leg, jaundice, fontanels sunken, no rigiditj or definite 
paralj sis, tendon reflexes all very' activ e, no clonus, spmal fluid v cry yellow 
contiincd only 25 white cells, on attempt to puncture the superior longi- 
tudiml sinus it was found to be thrombosed, no blood secured but a firm 
resistance encountered, gradual recovery, well one month later 

I) (a) An.vlvsis of 100 Autopsif^ of Hydrocfpilvlics 
Com 1 (Path 7S05, Sitrg 51254, 611S5) 

A r , bom bv full term, normal labor, ill on second day, many convul- 
sions, nearly died, right hemiplegia noted several montlis later, at one year 
convulsions returned and continued at variable intervals all life 

P E At seven years head of normal size and shape, right eye turns 
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out, spastic weakness of right arm and leg which are smaller than on left, 
mental development only slightly retarded, can read and write. X-ray of 
head shows “extreme convolutional atrophy ” 

Operation Skull thick, under dura on left side there is a thick pigmented 
layer of fibrous tissue adherent to dura and to arachnoid, when this is re- 
moved pia-arachnoid is thick and opaque, cortex is excessively thin and 


TABLE 3 

Analysts of pathological anatomy tn 100 cases of hydrocephalus 


CATISE 

TOTAL 

NUMBER 

BLOCK AT 

Iter 

Fonimma 

Base 

Unde- 

termined 

Menmgitis (still active) 

34 

6* 

7 

3 

18 

Adhesions m memnges 

19t 

0 

14 

5 

0 

Syphihtic menmgitis 

3 

0 

2 

0 

1 

Occlusion of iter alone 

14 

14t 

0 

0 

0 

Associated with congemtal defect 

19§ 

4 

6 

1 

8 

Spma bifida 

16 

4** 

5 

1 

6 

Encephalocele . . 

3 

0 

1 

0 

2 

Assoaated with porencephaly . 

3tt 

2 

0 

0 

1 

Old subdural hemorrhage 

2tt 

2 

0 

0 

0 

Fresh ventricular hemorrhage 

2§§ 

2? 

0 

0 

0 

Nothing found 

4 

0 

0 

0 

4 

Total 

100 

30 

29 

9 

32 


* Sections of only one, iter “plugged” by inflammatory process 
■f Many of these cases were congenital 

J Sections of 7 midbrams available 5 showed “malformed” iters, 1 iter was blocked 
by transparent septum, these 6 cases were congenital, a “plugged” iter was found m the 
7th brain, in this case hj drocephalus followed menmgitis 
§ Intracramal hemorrhage was found m 4 of these 
** “Malformed” iter found in the one brain sectioned 
i t Abstracted below 

ft Both show “plugged” iter, abstracted below 
§§ Abstracted below. 

scarred, tissue removed for microscopic examination showed fibrous tissue 
with old yellow pigment, i e , old organized blood clot, death after second 
operation to reheve hydrocephaly 

Pathological anatomy Dura thickened and adherent over left hemi- 
sphere, all memnges bound together, cortex of left hemisphere very thm and 
nerve cells lacking, left ventricle enormous, rt and 3rd ventricles also 
enlarged, meninges on right delicate, aqueduct is plugged by a mass of 
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fibrous tissue, outlines of old aqueduct shown by manj small ependymal 
lined channels, apparently not quite completely occluded, yellow pigment 
m meninges and \ entncles 

Case S (Path 7170, Sitrg 57635) 

C S , bom by normal labor, severe illness in first cwdajs, left hemiplegia 
noted when child was a few months old At six years developed left-sided 
convulsions, which contmued 

P E At seventeen years head of normal size and shape, slight left 
hemiplegia with under development of left arm and leg, vision poor, mod- 
erate optic atrophy, nystagmus. X-ray of head showed marked “convolu- 
tional atrophy,” mental development nearly normal, very imtable at times 

Operation Meninges greatly thickened and adherent over right hemi- 
sphere, cortex reduced to a shell, dense adhesions at the base Death 

Pathological anatomy Bilateral internal hydrocephalus, right temporal 
lobe reduced to 5 mm thickness, merely glial tissue, no nerv e cells, meninges 
thickened and adherent to cortex, left hemisphere shows only dilatation of 
ventricle, cortex averages 2 cm , meninges over left convexity are normal, 
iter is occluded by fibrous plug which is quite yellow, small channels lined 
by ependyma around margin of plug 

These two cases are almost identical The fact that the head was of 
normal size is against the possibility that these were cases of congenital 
hydrocephaly with birth injury The “plugging” of the iter is also against 
that supposition However, it is possible that a hemorrhagic encephalitis, 
or perhaps a local meningitis, in the first few days might have produced 
this picture 

Case 3 {Ped 45349, Path S7S5) 

M W , first child, bom at term, difficult delivery, m labor thirty-six 
hours, cried at once, nursed v ell for week, then stopped, vomited blood, 
blood in stools, very ill 

P E At two weeks, head 37 cm sutures separated, bulging fontanels 
irregular respiration, bilateral internal squint, weak and flaccid, ventricular 
puncture difficult, ventricles small, contain altered blood, cistern and spinal 
puncture also give altered blood, several transfusions, pressure symiptoms 
vary , at one month head only 3S cm ventricles large, death 

Pathological anatomy hloderatc internal liy'drocephalus, old blood in 
V entncles and subarachnoid spaces, iter full of clot 

Tlic intracranial hemorrhage was probably due to hemorrhagic disease 
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out, spastic -weakness of right arm and leg which are smaller than on left, 
mental development only slightly retarded, can read and write, X-ray of 
head shows “extreme convolutional atrophy ” 

Operation- Skull thick, under dura on left side there is a thick pigmented 
layer of fibrous tissue adherent to dura and to arachnoid, when this is re- 
moved pia-arachnoid is thick and opaque, cortex is excessively tlnn and 


TABLE 3 

Analysts of pathological anatomy m 100 cases of hydrocephalus 


CAUSE 

TOTAL 

hXJMBER 

BLOCK AT 

Iter 

Foramina 

Base 

Unde- 

termined 

Menmgitis (still active) 

34 

6* 

7 

3 

18 

Adhesions m memnges 

19t 

0 

14 

5 

0 

Syphihtic menmgitis . 

3 

0 

2 

0 

1 

Occlusion of iter alone . 

14 

14t 

0 

0 

0 

Assoaated with congemtal defect 

! 19§ 

4 

6 

1 

8 

Spma bifida 

16 


5 

1 

6 

Encephalocele 

3 

0 

1 

0 

2 

Assoaated with porencephaly 

3tt 

2 

0 

0 

1 

Old subdural hemorrhage 

2t$ 

2 

0 

0 

0 

Fresh ventricular hemorrhage 

2§§ 

2? 

0 

0 

0 

Nothmg found 

4 

0 

0 

1 . .. 

0 

4 

Total 

100 

30 

1 

: 29 

9 

32 


* Sections of only one, iter “plugged” by inflammatory process 
t Many of these cases were congenital 

f Sections of 7 midbrams available 5 showed “malformed” iters, 1 iter was blocked 
by transparent septum, these 6 cases were congenital, a “plugged” iter was found in the 
7th brain, m this case hydrocephalus followed menmgitis 
§ Intracranial hemorrhage was found in 4 of these 
“Malformed” iter found in the one brain sectioned 
■j f Abstracted below 

ft Both show “plugged” iter, abstracted bdow. 

§§ Abstracted below 

scarred, tissue removed for microscopic examination showed fibrous tissue 
with old yellow pigment, i e , old organized blood clot, death after second 
operation to relieve hydrocephaly 

Pathological anatomy Dura thickened and adherent over left hemi- 
sphere, all memnges bound together, cortex of left hemisphere very thin and 
nerve cells lacking, left ventricle enormous, rt and 3rd ventricles also 
enlarged, meninges on right delicate, aqueduct is plugged by a mass of 
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fibrous tissue, outbnes of old aqueduct shown by many small ependymal 
Imed channels, apparently not quite completely occluded, yellow pigment 
in meninges and ventricles 

Case 2 (Path 7170, Surg S7635) 

C S , bom by normal labor, severe lUncss m first 'ew days, left hemiplegia 
noted when child was a few months old At six years developed left-sided 
convulsions, which continued 

P E At seventeen years head of normal size and shape, slight left 
hemiplegia with under development of left arm and leg, vision poor, mod- 
erate optic atrophy, nystagmus. X-ray of head showed marked “convolu- 
tional atrophy,” mental development nearly normal, very irritable at times 
Operation Memnges greatly thickened and adherent over right hemi- 
sphere, cortex reduced to a shell, dense adhesions at the base Death 
Pathological anatomy Bilateral internal hydrocephalus, right temporal 
lobe reduced to 5 mm thickness, merely glial tissue, no nerve cells, meninges 
thickened and adherent to cortex, left hemisphere shows only dilatation of 
ventricle, cortex averages 2 cm , meninges over left convexity are normal. 
Iter is occluded by fibrous plug which is quite yellow, small channels Imed 
by ependjuna around margm of plug 


These two cases are almost identical The fact that the head was of 
normal size is against the possibility that these were cases of congenital 
hydrocephaly with birth injury The “plugging” of the iter is also agamst 
that supposition However, it is possible that a hemorrhagic encephalitis, 
or perhaps a local meningitis, in the first few days might have produced 
this picture 


Case 3 (Fed 45349, Path 8783) 

M M , first child, bom at term, difficult delivery, in labor thirty-six 
hours, cried at once, nursed well for week, then stopped, vomited blood, 
blood in stools, vciy ill 

^ ^ Beeks, head 37 cm sutures separated, bulging fontanels 

internal squint, weak and flaccid, ventricular 
'“‘nclcs small, contain altered blood, cistern and spinal 
I a so gne altered blood, several transfusions, pressure symptoms 
sao at one month head only 38 cm ventricles large, death ^ 

veLdSn“ subamrt’ hydrocephalus, old blood m 

mcics and subarachnoid spaces, iter full of clot 

intracranial hemorrhage was probably due to hemorrhagic disease 
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rather than to birth injury. However, the fact that the ventricles were 
small at first and the head enlarged slowly as compared to case 4, makes it 
probable that the hemorrhage was the cause of the hydrocephalus It is 
questionable whether this child would have developed a chronic hydro- 
cephalus if it had survived the acute stage. 

Case 4 {Fed. 45267, PaiL 8811) 

A, R K , fifth child of healthy parents, bom at term by normal labor, 
head normal size, resuscitation difficult, never nursed well, vomited fre- 
quently 

P E. At seven days head 37 cm ,some twitching of right arm, altered 
blood in cistern magna, at twelve days head 40 5 cm. vomited frequently, 
death on twenty-sixth day 

Pathological anatomy: Extreme internal hydrocephaly, adhesions under 
base, blood m ventricles and subarachnoid spaces. 

The rapid enlargement of the head suggests that this was a case of 
congenital hydrocephalus with a birth injury. 

THREE CASES WITH RORENCEPHALIC CAVITIES 

Case 5 {Fed. 17182, Path 5542) 

Baby S , bora by full term normal delivery, breathed poorly, iU from 
birth, some blood m the stools, possibly hemorrhagic disease 

P. E. At thirteen days head 39 5 cm , altered blood in the spmal and 
ventncular flmd, small encephalocele presenting through the anterior 
fontanel, blood Wassermann negative, at nineteen days head was 39 7 cm 
in circumference, death at five weeks 

Pathological anatomy Moderate thinnmg of the cortex, small cavity in 
left frontal lobe separated from ventricle by a perforated membrane, this 
corresponded to the position of the encephalocele, no explanation found 
for the hydrocephalus, no sign of syphilis, no spirochetes foimd 

The rapid enlargement of the head strongly mdicates that the hydro- 
cephalus was present at birth, and the mtracramal hemorrhage was an 
accidental comphcation. 

Case 6 {Fed. 13824, Path 5098) 

G H., only child of normal parents, birth by prolonged labor, two doses 
of pituitrm given, no forceps, head measurements unknown, stuporous on 
seventh day, grew stiff, stopped nursing, vomited, cyanotic at times until 
age of three months when vomiting started again. 
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P E At four months head 44 cm in arcumference, marked general 
spasticity of extremities, more severe m arms, optic atrophy, no sign of 
mental development, death at five months 
Patliological anatomy Gross, symmetrical cavities m both hemispheres, 
anteriorly these cavities are continuous with the ventricles and the cortex 
IS reduced to a few mm m thickness, postenorly the ventndes are not very 
large and the cavities are separated from tlie ventricles by a thin 
membrane — these cavities are lined by a rough glial surface, aqueduct is 
occluded, no sections could be found but from the description it seems that 
the aqueduct is “plugged ” 

Case 7 {Ped 42S99, Path S436) 

J W J , breech delivery, resuscitated with difficulty, always irritable and 
fretful, at one month was noted to be rigid and head was retracted, head 
seemed large at this time, at eight months twitching of the face and hands, 
1 omiting and apparently headache 

PE At SIX years, deaf-mute, head S3 cm in circumference, bilateral 
choked disc, tremor of head and both arms, roentgenogram showed signs 
of increased pressure, blood in ventricular and spinal fluids, “phthalem” 
test indicated obstructive type 

Operation Aqueduct pin point aperture, dilated, no cause for bleeding 
found, hyperthermia and death 

Pathological anatomj' Bilateral papilledema, moderate hjdrocephalus, 
multiple cxtra-ventncular cavities m temporal and parietal lobes, — these 
are bridged across by many fine trabeculae containing blood vessels, and 
lined by a rough glial membrane, only a thin layer of tissue separates them 
from the v'entricles, the internal capsules are not interrupted, no signs of 
meningitis, aqueduct now patent because of surgical dilatation 

(b) Clinical Analvsis of 100 Cases or HviiRocEPnALUs 

CASE OP irVDEOCEPIIALUS POSSIDLI DUE TO BIRTH INJURV 

Case 1 (Ped 24513) 

E H , third child of health} parents, normal labor, no head measure- 
ments obtainable, convulsions at five dajs, development retarded m ever} 
wv}, another senes of convulsions at three }ears 
I* E At five years head was 55 cm in circumference, right leg and arm 
and left leg spastic, severe mental defect, inability to speak, historv’ un- 
reliable, fomil} Ignorant and illiterate, diagnosis at least questionable 
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CASES OF HYDROCEPHAXUS PROBABLY CONGENITAL ASSOCIATED WITH 

BIRTH INJURIES 

Case Z {Pei 35967, Ohs. 12319) 

J. C , second child, first pregnancy resulted in miscarriage, bom by 
difficult version and extraction, bard to resuscitate, fractured skull and 
cephalhematoma, head measured 34 cm sub-occipito-bregmatic at bmth 
P. E. At one month head was 43 cm. in circumference, not quite 

TABLE 4 


Chmcal analysts of 100 cases of hydrocephalus* 



NXmBEE 

Syphihs . . ... 

3 

Menmgitis (observed) . , , . 

19 

Menmgitis (history) , ... ... 

17 

Associated congenital defect . . ... 

23 

Spma bifida . . . 

12 

Encephalocele . . . . . . 

7 

Chondrodystrophia . . ... 

2 

Multiple bone defects . . . . . 

1 

Scaphocephaly 

1 

Bram tumor 

3 

Family history of hydrocephalus 

1 

Possibly due to birth mjury 

It 

No cause found . . . 

33t 
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* No autopsies, several operations 
t Abstracted below. 

t In 15 of these cases the history stated that the head was enlarged at birth, exact 
measurements usually not avnilable In 4 of these IS there was evidence of birth injury 
These are abstracted below 

symmetrical, at two years and three months head was 58 cm m circum- 
ference, some weakness of left leg, tendon reflexes mcreased on both sides, 
mental development somewhat retarded, patient was over weight and larger 
than the average for age, hydrocephalus seemed arrested or only slowly 
progressive. 

Case 3 {Pei. 41412) 

C. B , third child of normal parents, bom at full term by non-instru- 
mental labor, nursed poorly, respiration feeble, several convulsions on 
fourth day, enlarged head noted at birth 
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PE At tTvo months head enlarged not quite symmetrical, partial left 
hemiplegia, death at nme weeks 

Case 4 (Pcd 2230ff) 

C R , third child of healthy parents, bom by precipitate labor, head 
noted to be large and bones soft at birth, at three weeks head n as greatly 
enlarged and “round,” alivays nursed poorly, and was unresponsive, at 
seven weeks hydrocephalus was diagnosed 
P E At two months head was 47 cm m circumference, little or no 
spasticity, ventncular puncture showed old blood in the ventricles, non- 
communicating type, at three months head was 49 cm m circumference, 
left hemiplegia was noted, convulsions, death at sis months no autopsy 


TABLE 3 

Attalysts oj 8 cases of conzemlal spastic paralysis in hydrocephalics due to Irrlh injury 



KtTVeeB 

Slonoplegia 

1 

Hemiplegia 

s 

Tnplcgia 

1 

Double hemiplegia (porencephaly) 

1 




Case 5 (Surg 53S34) 

G r , bom by difficult, instrumental labor, injury on left temple and 
over left eye, paralysis of left arm and leg, some squint, general muscular 
tvvitclimg, head 41 cm at birth, rapidly enlarged since 

PE At three years internal squint of left eye, right pupil large and 
fised, partial left hemiplegia, bilateral estcnsor response, head 56 cm , 
moderate mental defect 

E Analvsis or 8 Cases of Focal Eiplepsv from the Surgical 
Records vvrrn Operative Notes 

Case 1 (Surg 41240) 

REG, bom by difficult labor, head injured by forceps, no paralysis 
noted, general convulsions since the age of seven years, mental develop- 
ment has been fairly good 

PE At age of eleven years head shows bulge in right fronto-panetal 
region, examination otherwise negative, no paralysis 
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Operation: Right craniotomy, bone thin, few dural adhesions, large 
yellow cyst replacing upper half of frontal lobe full of yellow fluid 
Microscopic exammation shows wall of cyst is composed of glial tissue 
covered by arachnoid, old blood pigment in wall 

Case 2 (Surg 40710) 

W. U D , first child of healthy parents, born by long difficult labor which 
was terminated by high forceps, head cut by forceps, never used right leg 
normally, focal convulsions smce age of one year 

TABLE 6 


Analysts of 8 cases of focal epilepsy probably due to birth injury 



NuarBEE 

Birth history * 


Convulsions in first two weeks 

0 

Feeble nursing and respiration 

2 

Difficult labor . 

6 

Precipitate delivery 

0 

Prematunty . . . 

0 

Beads 


Microcephaly . ... 

0 

As 3 mimetncal heads 

3 

Paralysis 


Monoplegias 

2 

Hemiplegias 

5 

Hemianopia 

1 

No paralysis 

1 

Pathological anatomy 


Intracerebral cysts 

3 

Local cortical atrophy and scamng with thickening of overlying pia- 


arachnoid 

3 

Organized subdural clot with atrophy of underlying cortex 

1 

Nothing found at operation 

1 


* No history of birth was secured m 2 cases These histones were obtained in most 
cases many years after birth and consequently do not obtain as much information about 
early mfancy as tlie Harriet Lane Home histones 


PE At the age of three years head normal size, depressed area in left 
frontal-parietal region, right leg somewhat spastic, mental condition 
slightly subnormal 

Operation: Left craniotomy showed very vascular dura, and edema of 
the arachnoid, no other lesion found 
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Microscopic examination of bit of arachnoid removed showed normal 
memnges 

Case 3 (Surg 41660) 

W H , bom by difficult labor, mstnimental extraction, very difficult 
to resuscitate, head “injured,” always weak on right side, focal convulsions 
since age of 18 

P E At age of twenty-two head normal, mental condition slightly 
subnormal, severe right hemiplegia, underdevelopment of right arm and 
leg 

Operation Left cramotomy, dura adherent to arachnoid, thickening of 
pia-arachnoid, atrophy of convolutions especially the precentral gj'rus, 
large collections of yellow fluid in Sylvian fissure 

Microscopic examination of piece of arachnoid removed showed great 
fibrous thickenmg and no sign of an inflammatory process 

Case 4 (Surg 50719) 

C D P , second cliild of healthy parents, no definite history of birth 
obtained, never used left arm and leg normally, walked and talked late, 
infrequent convulsions on the right, always able to do his school work but 
not brilliant 

PE At thirteen years in eighth grade, weakness and under developi- 
ment of left arm and leg, left homonymous hcmianopia, slight sensory loss 
on left side 

Operation Thin walled cyst in Sylvian fissure and right parietal region 
full of clear fluid, small opening into xentricle, meninges over this cystic 
area are greatly thickened and adherent 

Case 5 {Surg 5142S) 

SEW, bom by difficult forceps delivery, no injuries noted at birtli, at 
age of two years focal conxulsions started on the left side and a variable 
left hemiplegia was noted, mentally child progressed w ell 

P E At fixe years head normal, seemed intelligent, left hemiplegia 
always sex ere after conxailsion, but almost imperceptible at other times 
Operation Dura thickened and adherent to a thick layer of fibrous 
tissue beneath it, this tissue xx as full of yellowish cysts and also adherent to 
the arachnoid, pia aradinoid thickened and cystic, moderate atrophy of 
conx olutions beneath these cy sts, central gyTi inx olv ed most sevcrly 
Micro'copic examination of the layer of tissue found under Uic dura 
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showed only fibrous tissue and yellowish cysts, no signs of an inflammatory 
process, or of neoplasm 

Case 6 {Siirg 55411) 

J P. M , second child, birth normal as far as is known, never used right 
arm and leg well, focal convulsions at four years, more frequent since eight 
years, mental development fair, did moderately well at school 

P E At seventeen years head normal, right arm spastic and under- 
developed, right leg shows very little weakness, shght mental defect 

Operation Dura normal, huge cavity traversed by trabeculae, no com- 
munication with ventricle, opens mlo Sylvian fissue. 

Case 7 {Surg 63376) 

W V , first child, forceps delivery, very difiBcult, head deformed, right 
eye prominent, left eye sunken m, walked at twenty-two months, talked at 
two years and six months, focal convulsions on left at two years, left arm 
and leg small, after each convulsion complete left hemiplegia 

P E At eight years head large, large depression to right of sagittal 
suture, left arm and leg smaller than right, but strength only slightly 
dimimshed, some mental defect 

Operation Dura adherent over right hemisphere and thickened, pia- 
arachnoid thickened, central convolutions atrophied, m this area cortex 
was only one cm thick and scarred and dense 

Case 8 {Stirg 64089) 

T S , bom by difficult delivery, high forceps, difficult to revive, deep 
cyanosis, walked at fourteen months, but never used right arm or leg well, 
focal convulsions on right at lune years, right hemiplegia after each attack, 
mental development fair, m seventh grade at twelve. 

P E At thirteen years head normal, slight spastic weakness of right 
arm and leg, nght arm and leg under-developed 

Operation- Pia-arachnoid thickened over central gyn and angular g3Trus, 
convolutions atrophied and scarred, microscopic exammation showed 
extensive scarring of cortex and thickening of menmges, old blood pigment 
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Many perwns who arc \crj gifted and who dewotc themselves 
without stmt to their tasks m life gam grateful appreciation of their 
sciA’icc to mankind and of their bctteniient of knowledge To 
only a few, howeaer, is giaen in addition that warmth of enthusiasm 
ami of human sympathy that kindles the divine fire in others and 
thus, through the inspiration that such natures ineaitably giac, 
carries on their influence w hen they arc gone 
Gracious personality, elevated character, distinguished intellect, 
all these arc ncedtd to make the most cITectivc men There comes 
occasionally into one’s life a personality that cvcitcs an instant sense 
of \i\nd, eager, gracious charm Sometimes it proves that these 
magnetic gifts are worn only ns an outer ganncnl and only m the 
siipcrficjal relations of life With rare indniduaK there is an equally 
immediate and magnetic feeling that these qualities come surely 
from within and are founded upon still more prtaoiis things, gen- 
crositj, sincerity, upright tnitli 

John Howland’s original American forbear and liis fellow Pilgrims 
brought to this land unbending devotion to the right ns thej sau it 
This friquentlj passed down to their descendants It has often lent 
to their \iew of the proper conduct of life n touch oi scacritj that 
sometimes tries nntiircs of softer kind but that goes far toward et- 
plnmiiig the large part man} of them lime played m fine progress 
A share of this Howland had in stetre judgment of himself and his 
work, m relentless, patient purjiose and determination It had to 
dowith thcuntimclj end, sense of duty made him wholly unremitting 
in work nnd unsparing of himself 
Hut in him the I’uritnii was dominant only in his sense of re- 
'poiisihihty He had other spiritual ancestry He owed 

To onf- l!ic c(»ol anij if toning 

lo one Ihf quick unfciMmln^ heirt 
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He chose work with little children not merely as an interestL^ and 
fruitful field of effort, but because he loved to minister to their de- 
pendence and innocence He sought and made and held friends 
ardently, loyally and with outgiving spirit 
He loved the beautiful, particularly the out of doors, and especially 
the lovely New England hills that his ancestors came from and 
amongst which he now hes 

As a companion or teacher he was vivid, humorous, stimulating, 
full of imagination, informed in many and wide ways 
He rejoiced in books, especially in books of biography and history 
of the very human kind, and m medicine and related science he 
sought with eagerness and appreciation the information that readmg 
gives As a teacher it was a joy to him to carry this on to others and 
his own happiness in scholarly things and his generous spirit of 
ser\nce to others were the ongm of this journal To it, taxed as he 
was by other duties, he devoted constant thought, patient, detailed 
effort and unendmg enthusiasm. The idea that led to it was his, 
as were the heavy efforts necessary to carry it past the inevitable 
early difficulties of so unusual an undertaking, and it was his broad 
knowledge that recognized which discussions were needed and which 
would be fruitful 

With such gifts as he had, with intense industry, with high purpose, 
vdth joy in human service it was but natural that he had no superior 
as a physician to children, that he inspired students and staff, and 
that he left disciples in high places in many parts of the land Beyond 
these accomphshments he added to knowledge in ways that vill 
endure, and he began and determined throughout this country, a 
transformation in the methods of studying, of teaching and of in- 
vestigating the subject that was his life's work 

On the entrance to one of our universities is the inscription 

Enter this gateway and seek 
The way of honor 
The hght of truth 
The will to work for men 

He entered life treading the way of honor, he sought ever the hght 
of truth, the will to work for men controlled his hfe 
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INTRODUCTION 

This summary covers all the available hterature since the intro- 
duction of the sahcylates and dnchophen into mediane, that is, 
dunng the period of the last half century It is based on a previous 
summary published twelve years ago in the annual (1914) report of the 
Therapeutic Research Committee of the Council on Pharmacy and 
Chemistry of the American Medical Association, and is essentially 
an amphfication with revisions and additions embodying the results 
of investigations to date Since the first review, cinchophen has come 
into extensive use in the treatment of rheumatism and therefore has 
been included in this review 

The salicylates are among the most extensively investigated drugs, 
both expenmentaUy and chnicaUy This is less true of cinchophen 
The penod from 1875 to about 1880 abounds in contnbutions deahng 
with studies on the antiseptic and general pharmacological actions 
of the salicylates Their value in rheumatic fever had been recognized 
as early as 1876, but it is the later and more recent studies that have 
been concerned more directly with the therapeutic application in 
rheumatism and other diseases There is no doubt that the studies 
of the past decade have changed our views regarding the specificity 
of tlie sahcylates in rheumatic fever. However, it can not be said 
that there is as yet a complete agreement on the mechanism of their 
highly effiaent symptomatic rehef in this disease After half a cen- 
tury of continuous and extensive trial, there is, therefore, still consider- 
able need of investigation of their actions 
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There arc also economic and health aspects to the usage of these 
drugs which indicate the desirability of all possible information 
Probably indiscriminate medication with tlie salicylates and cincho- 
phen exceedsthe proportions with all other drugs This is indicated 
their by extensive populanty in the rehcf of headaches, colds, neural- 
gias, etc Many persons become addicted to the use of small doses 
over long periods m the treatment of minor complaints, wink the 
dosage in rheumatism and kindred disorders is generally large, or 
massive The pubhc health aspect of mass drugging mth these 
agents, therefore, w ould seem to merit some attention 
The salicylates are the sovereign remedies m the treatment of 
rheumatic fever, a disease mth most serious economic aspects The 
Ministry of Health in England (1) has ascertained that nearly onc- 
si\th of the mdustnal invalidity in that country is due to rheumatism 
and that the loss to the nation is over three million weeks of indindual 
work from the insured population and an estimated loss of £2,000,000 
(about ten million dollars) to the benefiaanes In this country, the 
United States Pubhc Health Service (2) has ascertained tliat acute 
rheumatism was third in the list of sixteen pnncipal causes of dis- 
ability in 1924 among male wage earners in different industnes The 
number of cases was exceeded only by one disease, namely influenza, 
as the first principal cause, and by non-industnal acadcnls as the 
Second cause Rheumatism is also one of the most important causes 
of cardiac disorders Falkncr and White (3) estimate tliat 95 per 
cent of the cases of heart disease in young people can be traced to 
rheumatic fexer and chorea Despite the therapeutic use of these 
drugs in rheumatic fever, there remains the large inadencc of cardiac 
disease directly traceable to it This naturally raises the question 
of their therapeutic cfliaency in this disease, winch merelj raises the 
ultimate question of how well their actions and uses are understood, 
their lirmtations, the possibilities of doing more harm than good, etc 
Therefore, if this renew wall add to the knowledge and assist future 
in\ esligators of these dru^, the effort spent upon it shall have been 
adequately compensated 

In general, meticulous details have been axoided, but the necessary' 
ohjcctix e data and results have been ated fullv so as to leax t no doubt 
of tlic basis for judgment or opinion Wffitn dcasion has been im- 



202 


p. j. hanzlie: 


350 
3S2'^fc 
354 long 
35(j| 


35' 


o'e m 


35 


Jive 


35^1s, th( 
3'lie sal] 
iitnatic 
nistry 


possible, the reader mil have at hand at least the available sources of 
information Owing to their importance, or to some special interest, 
certain topics have been purposely discussed in greater detail than 
others The chronological order of development of the vanous topics 
has been maintained as much as possible, but this order has bpen 
waived when the topic merited development from anothev^' ' 

The references used in the text have been numbe’/”" 
throughout Those that have not been used aif 
betically, and have been appended to the bibhogr / 
pleteness The onginals of many of the latter we.’j 
appeared without ment, and those on sahcm wp ' . 
drug is obsolete { 

\ 

CHEMICAL AND PHYSIC/*' 

'/'erature since the inti*-^ of tl 
The presence of sahcyl in plants, discuss! medicine, that ^that 

was known long before the sahcylates were)^ ^^sed on a previo'^’^^ 
Sahcyhc aad (C 6 H 4 - OH COOH) was first (1914) report of ^ 

(5) from salicin, which had been discovered ojj pharmacy 

1827 by Leroux (6) In 1844, Cahours (7) esSential'®'^’^^ 

gaultheria oil, but it was not until 1860 that resul^^^^^ 

(8) prepared it synthetically from phenol by a j^nchophen has 

vogue today £ therefore h.^^ 

The more important salicyl esters represent^ secoP^^ 

Methyl sahcylate (C 6 H 4 OH • COOCH 3 ) was L investigated drug£^^ 
by Cahours (9) from oil of gaulthena, but nowoHL g£ cinchophen^®’^^ ^ 
of sweet birch Acetylsalicylic acid or “aspinn' ^ utions deahng’^^®£ 

COOH), which is not an ester, was introduced into chlLg^gj^j actions^’’'^^' 
by Wohlgemuth in 1899 (10), and shortly afterward, in tl recognized 
its pharmacological action was descnbed by Dreser (ll)\s that have . 
“aspinn” was coined from “spirsaure,” an old German nal|jication in 
cylic acid, the prefix “a," indicating “acetyl ” Salicyl sakg studies 
sahcylosahcylic aad (“salysal” or “diplosal”) (CcH 4 O^ggificity 
C 6 H 4 COOH), was introduced by Boehiinger and Soehne iil^ i,e said 
The physical and chemical properties of salicyhc acid,\of tiieir 
salicylate and acetylsahcylic aad are so well known that theyla cen- 
no description here They may be found in the Tenth United ^ider- 
Pharmacopoeia (1926) in which these preparations are oflSaal Sl^ 

V- ■ 


TV 
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at the end of 24 hours, in the most alkaline buffer mixtures used 
(pH 8 4) This might be ex-pectcd, since, according to Furukaua (IS), 
the water solubility is only 0 013 per cent 

The discoloration of solutions of sodium sahcylate on standing has 
been known for a long time but is not understood Except for in- 
elegance, the change is of no practical importance in prescnbing 
The products formed do not appear to be toxic There is, however, 
a loss of strength in such solutions, and this is due inpartatleasttothe 
growth of fungi and possibly other organisms, for solutions of sodium 
salicj’late or salicylic acid used as colonmetnc standards for estima- 
tion of salicyl in foods, body fluids, excretions, etc , do not decompose 
when preserved with chloroform Mixtures of bicarbonate and sah- 
cjlate, frequently prescribed in the treatment of rheumatism, become 
nearly black and eventually deposit a black precipitate According 
to Greenish and Beesley (25), this is due to the oxygen of the air 
acting in the presence of sesquicarbonatc and isprcvented considerably 
by the addition of about 0 013 per cent of sodium sulplute (Na-SOj) 
or bisulphite (NaHSOi), or 1 gram to 8 ounces of the salicylate mix- 
ture All of this indicates that the salicyl group is more readily dc- 
strojed than is generally assumed, and is of importance in connection 
w ith the fate of tlic compounds in the body From tlie fact that low cr 
forms of life thnvc in, and even help to dcstroj , solutions of salicylic 
acid and sodium salicylate (26) their inefliacncy as antiseptics is 
suggested 

Chemically, anchophen or “atophan,” is phcnyl-quinohnc car- 
boxj’hc aad (CnHs CgHsN (COOH)) It was described by Doebner 
and Gicsecke in 1887 (27) and introduced into medicine by Nicolaier 
and Dohm in 1909 (28) It has a bitter taste and causes gastric dis- 
turbance owing to its aad character Its solubility in water is low 
but this can be increased witli the aid of an equal part of sodium 
bicarbonate or hexamcthylencaminc The bicarbonate forms the 
soluble sodium salt and the hexaincthylLneamme, presumably the 
ammonium salt The sodium salt is rclatixely non irntaling A 
mixture of hcxamcthyleneamme and anchophen also contains free 
formaldehyde resulting from the decomposition of the hcxamelhvl- 
cntaminc Therefore, tins mixture, which has been advocated. 
Would ha\e no advantage from the standpoint of gastnc irrit ition 
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over cincliophen itself Neocinchophen ('‘novatophan” or “tolysm”) 
is the ethyl ester of methyl phenyl-quinohne-carboxyhc aad (CHs-- 
C9H4N C6H5COOC2H5) It is not ofi&cial It is an odorless and 
tasteless yellow powder nearly insoluble in water, dilute alkahes and 
acids, but very soluble in lipoid solvents The tastelessness is due 
to its poor solubihty, which also suggests poor absorption 

PHARMACOLOGICAL ACTIONS 
Antiseptic properties 

This is possessed by the salicylates to a limited extent only, being 
demonstrable with the acids in fairly high, and uncertain or in- 
efi&aent with the salts in the highest concentrations Accordingly 
they are weak protoplasmic poisons The action is essentially bac- 
teriostatic and not germicidal In any case, free sahcylic acid and the 
high concentrations of sodium salicylate necessary for antiseptic 
action are not demonstrable in any of the body fluids, except possibly 
in urine after full therapeutic dosage Nothing is known of the anti- 
septic actions of cinchophen The evidence presented below deals 
exclusively with the salicylates 

Fermentation In 1874, Kolbe (29) found that fermentation of cane- 
sugar was arrested by a 0 04 per cent solution of salicylic acid, a 0 4 per 
cent solution preserved fresh milk for 36 hours, 0 1 per cent sahcyhc 
acid interfered with the action of emulsin on amygdalin, with the 
formation of mustard oil, and it preserved minced flesh for a week. 
Feser (30) confirmed most of Kolbe’s observations and, in addition, 
found that sodium salicylate possessed properties quite similar to 
those of the acid, although weaker Muller (31) found salicylic acid 
in corresponding concentrations to be less active than phenol in pre- 
venting putrefaction of urine, but more energetic in preventing 
decomposition by amygdahn, sugar formation by liver, and peptic 
digestion Schaer (32) observed that salicylic acid only mildly 
retarded the action of unorganized ferments, the activities of ptyalin 
and diastase were neither prevented nor weakened Meyer and 
Kolbe (33) found that 0 25, 0 5 and 0 75 grams of sahcylic acid in- 
hibited 1, 15 and 55 grams of yeast, respectively, in 1 hter of sugar 
solution The treated yeast remained inactive and the salicylic add 
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did not undergo chemical change Crcsotinic aad beha\ ed about like 
salicylic aad According to Neubaucr (34), tlie grow th of penialbum 
IS also inhibited by sabcjdic aad 

Bcchamp (35) observed that dilute solutions of sabcylic aad modified 
the structure and suspended the functional activities of yeast, but 
did not kill them Kolbe (36) obser\'cd that the isomers of sahcyhc 
acid, 1 e , the meta- and para-ox)’benzoic aads, its salts and the esters, 
sahan and sahgemn had no antiseptic actions, but the cresotinic aads 
acted hke salicjdic aad This was conhrmed nearly 40 years later 
by Stockman (37) who studied, in addition, some other compounds 
with the following results Salicylic aad in 1 5000 concentration 
delayed, while 1 2000 inhibited yeast fermentation, sodium salicylate 
had almost no action, tlie meta- and para-hydro\ybenzoic aads 
reqmred about ten times higher concentrations to produce effects 
sunilar to those of salicylic (ortho-hydrovybenzoic) aad and the 
following were not antifermcntativc, salian (1 250), acetylsahcyhc 
aad (1 250), diraethylsalicylic acid (1 1000) and sahcylunc aad 
According to Tuhner (38), 1 cc of 0 02 per cent sahcyhc aad inhibits 
carbon dio-ade production in a mixture containing 3 cc of yeast 
suspension, 4 cc of salt solution (MgSO< 7H:0, 0 2 per cent and 
■KHSOj, 0 3 per cent) and 2 cc of 4 per cent dextrose Under these 
conchtions salicjhc aad would seem to be more cffiaent as an anti- 
septic (concentration of about 1 50,000) thin under ordinary condi- 
tions The test is claimed to be valuable m c-xaraination for food 
preservatives Comparing equimolecular solutions of sodium salicyl- 
ate (1 per cent) and sodium acetylsahcj late (1 25 per cent) on jeast 
fermentation, Drcser (11) found that the sodium sahcylate was about 
twice as effiacnt as the acctylsalicjlatc in diminishing the production 
of carbon dioxide Howcxer, when the 2 compounds were tested 
with B colt in milk, their antisepUc cffiacniy was about the same 
Both compounds caused definite injury to the organisms in both sets 
of experiments Taking into consideration the pH, Waterman and 
Kuipcr (39) found that salicjhc aad in from 004 to 006 per cent 
concentration at pH 4 8 to 4 4 was more effiacnt than benzoic aad 
at about tlie same pH in prex cnting the grow th of pcnicillium glaucum 
Tlie anions were not concerned xvith the checking influence, since 
much higher concentrations of the salts were ineffective, and tlie action 



208 


P. J HANZLIK 


was ascribed to the lipoid solubility of the undissociated molecules of 
the adds Tlus is probably the only work on sahcyl antisepsis in 
which the influence of hydrogen ion concentration has been considered 

As for the sodium salt of novaspirin, this was found by Dreser (61) 
not to inhibit yeast fermentation The same was observed by Cor- 
pene (40) with cresotinic add which is related to sahcyhc add 

Seeds and roots. Elnop (41) observed that roots of maize plants and 
various plant seeds lost their reproductive properties in 0 07 per cent 
solution of salicylic add Salicylaldehyde appears to be more efficient, 
for Gardner (42) found that 10 parts per milhon in solution cultures 
reduced the growth of wheat plants 31 per cent during the first six days 
and the plants were killed in 50 parts per million Other crops were 
aft'ected similarly, though higher concentrations were necessary to 
cause injury to some In soil cultures, 25 parts per milli on injured 
wheat seedlings Certain bactenal cultures in which the aldehyde 
decomposed also did not grow 

Pntrefaetion of flesh One per cent salicyhc add was found by 
Salkowski (43) to prevent the putrefaction of a mixture of putrid asdtic 
flmd and minced meat (incubated at 25° to 30°C ) for eight days, in 
more highly concentrated solutions the mixtures were preserved for 
from four to five weeks As soon as the mixture became alkalme, 
however, putrefaction ensued This antiseptic action was exceeded 
by benzoic add Later, Salkowski (44) observed that 0 1 per cent 
salicylaldehyde prevented putrefaction and 0 25 per cent acted as 
disinfectant, this compound being more effident than sahcylic acid 
Incubation of the pancreas with broth and phenyl sahcylate (salol) 
was found to remain sterile by Lesnik (45) This was attributed to 
the decomposition of the ester into phenol and sahcylic acid, since 
incubation of sahva, serum albumin and enzymes with salol resulted 
in the liberation of salicyhc add Feser (30) foimd that flesh rubbed 
vith salicyhc add did not putrefy for several weeks, and a putnd 
extract of meat when treated with double its volume of 0 4 per cent 
of salicylic add solution produced no effect subcutaneously Feser 
thought that salicylic add acts less effidently on chemical fermenta- 
tion processes In this connection, it may be stated that the presence 
of a salol-sphtting ferment in human mfik has been reported by 
Usener (46) on the ground that after admimstration of the ester, 
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salicjlic acid could be detected in the stomach of a breast-fed infant 
one hour later 

Bacteria Using a putnd tobacco infusion as bactenal emulsion, 
Bucholtz (47) found that bacterial growth could be prevented by sali- 
cj'hc aad (0 IS per cent solution), sodium sahcylate (04 per cent), 
ammonium salicylate (0 416 per cent), and methyl sahcylate (0 1 per 
cent by volume) Bacteria were killed in the shortest time by 1 per 
cent methyl sahcylate, after a longer duration by 0 S per cent solution 
and also by salicylic aad (0 35 per cent) Ccch (48) found that higher 
dilutions than 0 1 per cent of saheyhe acid did not inlubit the growth of 
bacteria Koch (49) observed that 1 1500 of saheyhe aad completely 
inhibited the B anthrax, but after a month’s application to the spores 
no harmful effects nere observed Hemz (SO) quotes Bubbert to the 
effect that staphylococa required I 655 of saheyhe aad for complete 
inlubition According to H C Wood, Jr (51), the neutrahzation of 
salicylic aad by sodium and strontium lessens its bactenadal strength 
vcr> matenally In his studies of different salicyl compounds, Stock- 
man (37) found that B call kept in contact with a 1 1000 dilution of 
salicylic acid for three-fourths of an hour stopped the groivth per- 
manently, while the meta- and para-hydrovybenzoic aads required 
about ten times higher concentrations to produce similar effects 
Sodium sahcj'latc had almost no germiadal action and salicyluric aad 
Mas entirely inert 

Urine Tlic putrefaction of unne is delayed after the direct addi- 
tion or internal administration of sodium salicjlate Binz (52) noted 
that nhen carbon diovidc Mas passed through unne contaimng sodium 
sahcj'late, decomposition took place later than when the unne con- 
tained ather the sahcylate or carbon diovide alone The antiseptic 
effects Mere presumably due to liberated salicjdic aad Meyer and 
Kolbe (33) found that the addition of 1 2000 of salicylic aad to fresh 
unne delaicd putrefaction so that the unne remained clear for three 
days and cbd not become ammoniacal FUrbnnger (S3) stated tliat 
dailj doses of 1 to2grams of salicylic aad rcndcredaunneaadMhich 
had exhibited ammoniacal decomposition m the bladder, and a bene- 
ficial effect was produced in llie inflamed unnaiy passages 

Its limited antiseptic properties in unne arc due to the fact tint the 
sahcjhc aad is "bound” by the alkahnc phosphate present Mejer 
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and Kolbe found that 1 molecule of the disodium phosphate (Nao- 
HPO 4 ) ‘'bound" two-thirds of a molecule of sahcylic acid They 
suggested that its hmited antiseptic action in body fluids, in general, 
was because of their alkalinity Pndeaux (54) found that 0 5 ' 1000 
of salicylic acid added to urine would prevent the development of 
bacteria, 1 5:1000 would preserve it for several months and three to 
four parts per thousand killed bacteria in an infected unne SoUmann 
(55) observed that, after a dose of 1 gram of the sodium sahcylate, 
turbidity was slight or absent in the salicylate urine as compared with 
marked putrefaction in the same urine before the salicylate was taken 
Smaller doses of salol (0 3 to 0 5 gram) delayed putrefaction for about 
7 hours Jordan (56) found that the antiseptic power of sahcyl urines 
of high acidity (by titration) was somewhat greater than could be 
accounted for by an increase in the acidity alone Jordan took 20 
grains of salicylic add per day and studied the aridity and putre- 
faction as well as bactericidal properties of samples of twenty-four 
specimens of urine His data indicated that sahcylate urine possessing 
about the same acidity as normal urine reqmred practically once as 
long to become alkaline and nearly twice as long to become ammoma- 
cal When incubated with M staphylococcus the urine became 
alkahne in about 2 to 10 days, depending on the acidity Jordan 
stated that the normal acidity of unne is sufiSdent to hberate sahcylic 
acid from sodium sahcylate, but that administration of sodium 
salicylate only shghtly increases the acidity of urine He suggested 
that the antiseptic power of sahcyl urines may be due to a change of 
proportions between the sahcylic and sahcyluric acids 

H C Wood, Jr (57) found the efficiency of saHcyhc acid and salol 
as intestinal antiseptics limited, being easily surpassed by betanaph- 
thol, formaldehyde and creosote 

Local action and irritation 

The apphcation of sahcyhc acid causes slow and practically painless 
destruction of the epithelium of tlie skin though it causes considerable 
superficial corrosion of mucosae It is therefore rather irritating, 
causing nausea and vomiting when admmistered internally For 
instance, Hodara (58) found that prolonged contact with the skin 
causes swelling of the epidermis followed by desquamation The salts 
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are non-irntating even in high concentrations The destructive action 
of sahcj’hc acid on cells is made use of in preparations (ointments, 
collodions, etc ) for softening corns and warts, and in the treatment of 
certain sLm diseases, alopecia, pruritus, etc For eczema and derma- 
titis a 10 per cent ointment has been used by Berkenbusch (59) 
Repeated application of \ anous sahcyl preparations to skin u as found 
by Sauerland (60) to cause hj^persensitiveness resulting m eruption 
and the appearance of dermatitis m untreated areas However, this 
IS not pecuhar to salicylic acid, for similar phenomena have been 
obsen'ed with a vanety of irntants including chemical warfare com- 
pounds and the phenylenediatmnes There is no sensitization m the 
anaph} lactic sense, but rather an increased susceptibihty of the skin 
and its capillaries to stimuli 

The imtant properties of different sahcyl aads may be demonstrated 
bj the method of Dreser (61) This consists of immersing tails of live 
fish into saucers containing the different solutions A fish tail in tonus 
remains spread like a fan, but when depressed, it collapses and the fan 
shape IS lost Using this method, Dreser found that depression of fish 
tails was caused after immersion into a mivture of 4 cc of 2 5 per cent 
sodium salicylate and 3 cc of 0 25 per cent hydrochlonc acid, but the 
control of hydrochlonc acid alone produced no effect, indicating that 
the depression was due to the saheyhe aad Saturated solutions of 
acetylsalicylic aad also caused depression but not those of novaspinn 
Tile solubility of the latter was too low for adequate concentration, 
but there w as no doubt that the sahey he and acety Isahcyhc acids w ere 
irntating 


Absorption 

Ciilancoiis Salicylic acid and its esters in fatty and alcoholic 
so utions are readily absorbed from the intact skin In 1876, Drasche 
to 11 alcoholic solution of salicylic acid applied 

mcdi' V i appearance of sahcyl in the urine almost im- 

in nl W application of 20 to 30 grains of salicylic acid 

uniica r li'^lla, Randolph and Dixon (63) found that the 

cosecnm V Saxc positive iron tests for sahcyl In one 

madi a ^ absorbed to rcliev e rheumatism Bourget f64) 

n I a IV e sludv on the effect of different fatty bases, and the 
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effect of such factors as age, sex and disease condition on the cutaneous 
absorption of salicylic aad as judged by the excretion in unne It was 
found that salicylic acid was rapidly absorbed from the skin The 
rapidity of absorption and the amount depended on the vehicle, being 
most effective with lard or lanolin, least ndth vasehne and glycerol 
The skins of old individuals were found to be less permeable than those 
of the young, also, skins of red haired and blond individuals absorbed 
more readily than those of dark haired The skins of females were 
more readily permeable than those of males These differences were 
attributed to differences in skins, but no cogmzance was taken of inter- 
ferences with renal function, as most of the patients were ill with acute 
rheumatic fever and other febrile conditions Curative effects were 
obtamed in rheumatic fever only Lmnoisier (65) suggested the 
volatihty of salicyhc add at body temperature as the explanation for 
its absorption by the skin According to Schumacher (66), the intact 
skin of the horse, calf, dog and rabbit is permeable to salicylic add 
when applied as an ointment or in alcohohc solution, to sodium sali- 
cylate somewhat more readily in the form of ointment However, 
Ledn’s study (67) indicates that no salicyl appears in the blood after 
the apphcation of salicylate ointments to the skin. 

The esters of salicyhc add are absorbed more readily than the acid 
itself or its salts Linnoisier and Lannois (68) could detect sahcyl in 
the urine 30 minutes after application of the esters to the skin Ac- 
cording to Floret (69), methyl-oxymethyl sahcylate (mesotan) is 
readily absorbed by the skin, and sapomfied in the body Impens (7 0) 
found that from 8 to 9 per cent of the methyl sahcylate is absorbed, 
monoglycyl salicylate (spirosal) more readily, and to the greatest 
extent, that is, about one-sixth to one-fifth of the amount used, amyl 
sahcylate, least effectively Sauerland (60) found that about 0 5 
per cent of the salicyl of the methyl salicylate in vaseline when apphed 
to human skin is found in the unne, about 15 4 per cent with spirosal 
in lanohn, and 2 5 per cent with saligenin in lard and vasehne Spiro- 
sal is practically non-irritant and can be used undiluted, while mesotan 
is irritant and should be diluted with one to four parts of olive or 
cotton-seed oil before application Joachimoglu (71) reports that 24 
hours after inunction of the thigh and leg with 10 grams of ' rheu- 
masan” (a soap mixture contaimng 10 per cent salicyhc aad) sahcy 
was detectable in 10 cc of urine 


Oral and nasal Recently, Planclles (72) demonstrated qualita- 
tivel> the presence of salicyl m unnc from the smoke of agarettes 
impregnated mth sahcjhc aad and acetylsahcylic aad The smoke 
was held in the mouth and nose, swallowing and inhalation being 
avoided as much as possible Smoking in vitro of such cigarettes also 
showed the presence of the drugs in the smoke 
Esophageal Kuzaya (73) found that introduction of sodium sali- 
cj'late into tlie esophagus ligated at the cardia resulted in the appear- 
ance of salicyl in unne at the end of 20 minutes, but when injected 
elsewhere salicyl was not excreted into the esophagus, apparently a 
case of one-sided permeability 

Gasirtc The absorption from the lower portions of the alimentary 
canal takes place much more rapidly than from the skin, mouth and 
esophagus The data on gastnc absorption of the sahcylatcs are 
cxtremelj limited, but Burow (74) asserts that the soluble salts are 
slowly absorbed, and the insoluble pass unchanged into the intestine 
According to Breguet (75) alcohol facilitates the absorption of sodium 
salicylate from ligated stomachs of guinea pigs as compared with 
aqueous solutions Of the esters, salol, being relatively insoluble, is 
not decomposed and absorbed in the stomadi, but becomes immedi- 
ately decomposed and absorbed when it reaches tlie intestine (Ewald 
(76)) Ethyl salicylate is claimed by Houghton (77) to be readily and 
quickly absorbed from the stomach 
Intestinal With small doses of the sodium salicylate the intestinal 
absorption is so rapid that no local antiseptic action occurs, accordmg 
to Kumagawa (78) The effect of different vehicles on tlie absorption 
of sodium sahc) late as judged by the excretion in unne was studied by 
Mastbaum (79) Alcohol did not influence and mucilaginous x chicles 
delayed tlie absorption as compared with aqueous solutions Pinc- 
zow'cr (80) finds tint the absorption (as judged by the excretion in 
urine) of sahcjhc acid, sodium sahcjdale, acetjlsahcylic aad, noi- 
aspinn, salol and sahpj rin from the stomich ind intestines presents 
no differences worthx of mention 

Ncncki (81), Lesnik (IS) and BondzjTiski (82) thought that the 
cstcis of sahcjhc and arc practicallj cnlirclj hjdroljzcd in the 
intestine before absorption takes place However, H C Wood and 
Hare (83) suggested that the greater tonntj exliibited bj some of 
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these esters might be due to the absorption of the esters themselves 
Baas (84) claimed that the ethyl and methyl salicylates can pass into 
the urine combined with the ethereal sulphates, but not free Con- 
vincing evidence that salicyl esters as such pass into the circulation was 
obtained in their studies on unnary excretion by Hanzlik and Presho 
(24), who found up to about 0 12 per cent in unne of the chnical 
“toxic” dose (6 5 to 10 7 grams) of methyl sahcylate but probably more 
was absorbed from the intestine The unnes possessed the odor of 
wintergreen These investigators also found that about one-half the 
total salicyl salicylate and acetylsalicyhc acid administered is ab- 
sorbed, for from 8 8 to 36 6 per cent of the former (23) and 6 per cent 
of the latter (21) appeared unchanged in the urine According to 
Buss (85), no salicyl appears in the unne in one hour after the adminis- 
tration of sahcin 

Hydrolysis of eslers in the stomach and intestine The reason for the 
considerable absorption of unchanged esters is that hydrolysis with the 
liberation of salicyhc acid proceeds slowly in the ahmentary tract. 
This is indicated by the results of the incubation expenments of Hanz- 
lik and Presho (21, 23, 24) detailed under “chemical properties,” and also 
by the excretory results just mentioned The significant results of the 
incubation experiments were as follows Liberation of salicylic acid 
from acetylsahcylic acid in buffer mixtures of the same degree of 
acidity as in gastric juice and of alkalinity as in intestinal juices was 
about equal at the end of one hour, i e , about 5 per cent, and this was 
increased to 35 and 45 per cent in the acid and alkahne mixtures, 
respectively, at the end of 18 hours About 98 per cent of the drug 
remained undecomposed at neutrahty (pH 7 0) at the end of 1 and 18 
hours, and about 45 per cent at the end of 24 hours Accordingly, 
liberation of free salicyhc acid in the stomach would be expected, 
contrary to the claims On the other hand, the claims made for poor 
gastric liberation of salicylic acid from salicyl salicylate appear to be 
justified, since the liberation was almost negligible in acid buffers 
At the end of one hour 97 per cent of this ester was left unhydrolyzed in 
buffer mixtures possessing the alkalinity of blood (pH 7 4), and about 
92 per cent at the end of 6 and 24 hours in mixtures with alkahnity 
(pH 8 0 to 8 4) corresponding to that of intestinal juices Bile and 
pancreatin did not increase the hydrolysis The weakest hydrolysis 
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occurred wth methyl salicylate, /or no liberation of salicyl occurred 
at the end of 1 hour m both acid and alkahne muYtures, and at the end 
of 24 hours about 97 per cent of the ester remained unhydrolyzed 
in the most alkahne buffers (pH 8 4) used PancreaUn increased 
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the h>drolysis at the end of 24 hours, but bile restrained it Thus, 
there seems to be no doubt tliat salicjl sahcjlate and mcthjl sabcylatc 
undergo very limited, and acctjlsilicjhc somewhat more marled, 
hydrolysis under conditions of the ahmentary tract Thepresenct of 
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food would tend to restrain the hydrolytic process, if anything, and 
therefore, considerable absorption of the unchanged compounds 
might be expected as indeed is adequately indicated by the excretory 
results to be described and by certain clinical claims The curves in 
figure 1 illustrate the results with the sallcyl derivatives tested 
Both dnchophen and neocinchophen are absorbed from the intestine 
as indicated by the symptomatic relief in various conditions, but 
nothing is known of the quantitative absorption of cinchophen, and 
there is some uncertainty about neocinchophen Barbour and Lozinsky 
(86) studied the absorption of neocinchophen in three dogs and a 
patient after oral administration of the drug, which was recovered 
from the feces The method was accurate to about 12 per cent with 
small quantities of the drug Doses of 0 3 and 0 5 gram per Idlo in 
dogs and the man were completely absorbed, none being recoverable 
from the feces Out of 9 grams per kilo administered, only 2 7 grams 
per kilo were absorbed and with such large doses clumps of the drug 
were observed in the feces From their results Barbour and Lozinsky 
concluded that the maximum limit of absorption was practically iden- 
tical with the full therapeutic dose, apparently “a, new and fortunate 
peculiarity in pharmacological behavior ” The results agreed with 
the conclusion drawn from pharmacological evidence as to toxicity 
However, the peculiar behavior of this drug is probably due to its 
poor solubility rather than to some providential contrivance 
Rectal, vesical and vaginal Fiedler (87) found that rectal absorp- 
tion of sahcylate is not as good as gastric, but Massol and Mmet (88) 
report that from 24 to 58 per cent of sodium sahcylate is absorbed from 
the rectum According to Heyn (89) rectal absorption is good, for 
sahcyl appears m the unne in 15 minutes, and the iron reaction persists 
for from 48 to 72 hours Absorption from the rectum is completed 
at the end of from 24 to 36 hours and the greatest absorption takes 
place during the first twelve hours as judged by ether extracts of the 
feces. Lenko and Kryzanowski (90) found it took 25 minutes for 
sahcyl to appear in ureteral urine when sodium sahcylate was placed 
into the bladder In 1876, Fehling (91) reported absorption of sah'cylic 
acid from the vagina Daily douches with 1.1000 to 1:600 solutions 
were constantly accompamed by the presence of sahcyl in the urme 
Levin (67), judging from the quantity of salicyl in the blood, found 



SALICYLATES AND CINi.nOPIIE': IN MEDICINT: 


217 


that -nhen sodium salicjlate is gi\en intramuscularly, it is absorbed 
much more readily thannhen given by the mouth 

Permeabtltly of colloidal membranes According to Oswald (92), 
salicylic aad increases the permeability of colloids for electrolytes 
Tlus has been confirmed by Hanzlik (93) for loops of living, e\ased 
intestine It was found that a solution of 1 per cent sodium iodide m 
aqueous solutions of sahcylic acid (0 3 per cent), sodium sahcylatc 
(2 per cent), phenol (1 per cent), benzoic acid (saturated solution) 
and magnesium sulphate (5 per cent) increased tlie thffusion of the 
iodide through the wall of the exased intestine as compared rvith the 
iodide alone Thus it is seen that the increase in permeabihty is not 
specific for the salicylate, for it occurred with an electrolyte and other 
substances, although the increased diffusion was most marked with 
the sahcylatc The phenomenon is suggestive as a possible basis of 
the absorption of effusions from joints in rheumatic fever under sah- 
cylate treatment 

Distribution 

Normal fluids and tissues After its admimstration, sahcyl has 
been found in nearly every secretion, fluid and organ of the body 
Teser (30) found sahcyl m all body fluids except milk, the feces, as a 
rule, being free from sahcyl even after large doses Drasche (62) 
x\as not able to detect sahcyl m secretions of tlie mouth and bronclu 
Its presence in human saliva has been reported by de Mussy (9-1) and 
BCnoit (95), denied by Balz (96), Blanchicr (97) and Stockman (98) 
Bcrcke (99) observed tliat after administration of 1 5 to 2 grams of 
sahcydic aad to the motlicr the child’s unne gave a positiv e sahcyl test 
in 2 hours, salicyl v as also present in the mother’s milk, but absent 
in the amniotic flmd (blood-free) from 4 patients Zvveifel (100) 
states tliat when salicylate was given to the mother from jj hour to 4 
hours antepartum, the placenta and blood of the cord contained the 
drug, but not the unne of the fetus According to Pauli (101) sahcyl 
appeared in mother’s milk in 2 1 to 36 hours after the administration of 
about 2 grams per day, the unne of the infant also gave a positive 
salicvl reaction \fter intravenous injection of the sochum salicylate 
in dogs, J Bernard and Ch Livon (102) and Blanchier (97) detected 
it in Uie unne, saliva, bile, pancreatic juice, pcncardial, synovial. 
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of healthy animals Their evidence cannot be regarded as conclusive, 
since the blood and serum contained the highest proportion of the sali- 
cyl, and this would necessarily have to be considered in connection 
with infected joints with serous effusions Moreover, the method 
used for estimating the sahcyl was not quantitative The suggestion 
that diseased joints may have a predilection for salicyl has recently 
been tested by Frohlich and Singer (120) under different experimental 
conditions These investigators produced arthritis by local apphca- 
tion of mustard and croton oils to the joints of rabbits, using the 
opposite untreated j'oints as controls After administration of large 
doses of sodium salicylate, the salicyl content of all j'oints freed from 
soft tissues was determined by the distillation-colorimetric method 
Under these conditions, there was no difference in salicyl content of 
the inflamed and normal j'oints; in fact, the inflamed joints of some 
rabbits contained no demonstrable salicyl Accordingly, Frohlich 
and Smger concluded against any favorable influence of diseased joints 
on the distnbution of the drug Although in their reply Bondi and 
Jacoby (121) do not accept the work of Frohlich and Smger, claiimng 
quite justifiably that the conditions of the two sets of experiments are 
not comparable, there is no doubt at least that Frohhch and Smger 
worked vuth diseased (inflamed) joints and that much cannot be said 
of the sj'^stemicaUy infected animals of Bondi and Jacoby Bondi 
and Jacoby’s critiasm of the time of bleedmg in Frohhch and Smger’s 
experiments does not seem vahd, since the control and inflamed j'omts 
were obtained and analyzed at the same time A safer way of testing 
the selective distribution of salicyl in j’oints would be to compare the 
salicyl content of the blood and jomt flmd of the same individual 
This was done by Scott, Thoburn and Hanzlik (122) on patients suffer- 
ing vuth rheumatic fever and receiving fuU therapeutic doses of sodium 
salicylate The sahcyl content of both fluids did not differ markedly, 
being somewhat less in the jomt fluid as might be expected A concen- 
tration of 0 02 per cent was found m blood and 0 018 per cent, m jomt 
fluid Hence, for all practical purposes, the alleged selectivity of sah- 
cyl for inflamed joints does not exist If anything, the results of 
Frohlich and Singer and of Scott, Thoburn and HanzUk suggest that 
the swollen and inflamed membranes of the synowa act as barriers 
to the diffusion of the salicylate 
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Concentration in the blood of rheumatic and normal individuals 
This IS somewhat Jess in the blood of rheumatic than of normal in- 
dmduals Using full therapeutic doses of sodium sahej late bj mouth 
equivalent to about 13 grams expressed as saheyhe aad, Scott, Thoburn 
and Hanzlik (122) found that the concentration in normal individuals 
ranged from 0 018 to 0 035 per cent, a\erage 0 0265 per cent, wlule m 
rheumatic fever patients it ranged from 0 014 to 0 031 percent, average 

0 021 per cent The theoretical concentration estimated was 0 02 
per cent which compared favorably with the concentration found in 
rheumatic patients Probably the lower concentration found in 
rheumatic individuals was due to some destruction of the sahc>d 
to be discussed under “excretion ” After the administration of 

1 gram sodium salicylate to a normal person, Fiessinger and Debray 
(123) report the followang percentage concentrations in serum, 0 004 
to 0 005 at the end of 10 minutes, 0 05 to 0 006 at the end of 30 
rmnutes, 0 01 at the end of one and one-half hours, and 0 001 per cent 
at the end of 18 hours Admimstration of the drug in capsules chd 
not change the results 

Binding power of the blood for salicylic acid This has been studied 
recently by means of extraction and dialysis experiments, and the re- 
sults seem to indicate some binding of salicyl by blood protems, 
varying somewhat with the source and condition of the blood, as in 
allergy' Van Leeuwen and Drzimal (124) found that the addition of 
0 01 gram of salicylic aad to 10 cc of defibnnatcd beef blood ynelded 
no ether extractable salicyl, but with 0 015 gram, 0 03 mgm was ex- 
tracted and with 0 02 gram, 1 mgm Normal human blood gave the 
same results except that the extraction limit was lower (average) 
with 0 01 gram added to 10 cc blood, while the blood of asthmatics 
tested for hypersensitivity to acetylsalicylic aad gave regularly a still 
low cr extraction limit, that is, about 4 mgm to 10 cc. of blood T rom 
dialysis experiments, it was shown that salicydic aad in scrum dialy zed 
less completely than from water or TyTodc’s solution The quantity 
held back by normal and asthmatic serums was from 0 072 to 0 9 mgm 
m 5 cc scrum while serums of asthmatics hypersensitiv e to acctvlsali- 
cvlic aad held bad- much less, the figures, however, not being given 
Seventv -eight hundredtlis of a milligram was bound by 5 cc of beef 
scrum and 1 08 mgm by serum of normal persons and asthmatics, 
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and the addition of hydrochloric acid did not hberate more It is 
claimed by the authors that the results indicate that in asthmatics 
the binding power of blood for sahcylic acid is reduced and there is 
a higher concentration of the free drug exerting a more pronounced 
action than if it were bound Moreover, they think the phenomenon 
is of significance for the allergic state in general If their results 
were more striking and comnncing, the argument might have some 
basis 

The pecuhar binding of salicyl by blood plasma has been shown by 
Chabanier, Lebert and Lobo-Onell (125) in another way Using 
collodion sacs, they obsen'^ed a rapid and almost complete disappear- 
ance of sahcyl from 0 9 per cent sodium chlonde dialyzed against 
plasma, while only a very small proportion of the sahcyl dialyzed 
from sahcylated plasma into untreated plasma Furthermore, when 
10 cc of serum containmg 0 01 per cent sodium salicylate was dialyzed 
against 0 9 per cent sodium chlonde containmg the same concentra- 
tion (0 01 per cent) of salicylate, the sodium chlonde-sahcylate mix- 
ture was found to contain only a trace of sahcyl at the end of 180 to 
300 minutes The dialysis into serum was greater the greater the 
volume of serum In other words, the serum attracted sahcyl despite 
the original equal content No attention was paid to the pH in 
these experiments, a factor that could conceivably affect the result 
In later expenments, the same authors (126) claim to have demon- 
strated further that sahcyl is adsorbed by the blood proteins and 
that its excretion is independent of any renal threshold On the 
other hand, Coquonm (127) found that dialyzing sahcylated serum 
against physiological salt solution free from sahcyl, or containing the 
same concentration as the serum, gave an even distribution of the 
salicyl after sufficient time Friednchsen (128) demonstrated a 
difference in the distnbution of sahcyl between the corpuscles and 
serum in beef and rabbit blood Working vnth quantities of 0 2 to 
0 6 gram sahcylate he found a higher concentration, i e , 1 2 per cent, 
in serum than in the corpuscles, i e , 1 0 per cent, a difference that 
might explain the results in the bloods of van Leeuwen and Drzimal, 
for probably the condition of the corpuscles m ^ntro has some influ- 
ence on their binding power i\nth sahcyhc acid, which in turn would 
influence the results of extraction and dialysis In any case the results 
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of these dialysis and eatraction ccpenments do not settle the question 
of the form m winch sahcyl exists in the circulatmg blood after ad- 
mmistration 

Form in which salicvlales eusl tii bodv fluids From the modern con- 
ceptions of the reaction of body’ fluids, it would appear quite probable 
that the salicylates arculate as the sodium salts This was thought 
to be the case by Salkowski (43) and by Meyer and Kolbe (33) as 
early as 1875 Meyer and Kolbe thought that sahcy’hc aad, when 
taken intemallv, was neutrahzed by the alkalmc phospliate and other 
alkalies of the tissues Two hundred cubic centimeters of fresh dog’s 
blood was found by’ them to “bind” chemically about 3 gram of 
salicylic acid Taken by mouth, the sahevhe aad is first neutrahzed 
by the alkaline juices of the intestine and, therefore, is absorbed chiefly 
as the sodium sahcylate Howexer, it was claimed by Bmz (52) in 
1876 that the high tension of carbon dioxide of the blood and other 
fluids m rheumatic fexer liberated free saheyhe acid xxhich, he be- 
hexed, was responsible for the therapeutic benefits The exadences 
from experiments in xatro offered by him were as follows Carbon 
dioxide shaken with a 1 per cent solution of sodium sahcylate gave 
up to ether a substance xxhich gaxe a positive sahcyl test xxithiron 
Urine containing sodium salicy’latc and free carbon dioxide did not 
putrefy’ as readily as xxhen it contained cither salicylate or carbon 
dioxide alone Salicyhc acid crystals xxcrc present in two speamens 
of higlily aad urme It was argued by him that lactic and other fatty 
aads assisted in the liberation of salicyhc acid From later expen- 
nients, Bmz (129) concluded that sodium sahcylate acts as an energetic 
bactenade and is destructixe xxhen an alkaline bacterial medium is 
impregnated with as niudi carbon dioxide as corresponds to that of 
inflamed tissues in man The expenments were performed as follows 
Under a pressure of half an atmosphere of carbon dioxide about 20 
per cent of tlie gas was dissolx cd in an alkaline mixture, consisting of 
sugar, potassium phosphate, ammonium tartrate, and 0 5 per cent 
of sodium salicy late, and infected xxith bactena This remained stcnle 
for four months at summer and room temperatures The same 
cxqicnment performed without salicvlatt showed an extensixc bac- 
tenal groxx th in one xx eck When the experiment xx as performed xxith 
sahcylate, but xnthout carbon dioxide, putrefaction and bacterial 
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growth occurred in a few days When the mixture (contaimng sali- 
cylate) was impregnated with about 20 per cent of air, or if the whole 
was exposed to air without pressure, turbidity and putrefaction 
resulted in both cases 

Kohler (130) observed that when sahcylic acid was dissolved in 
normal blood, no salicyl was given up to ether, but when blood of 
asphyxia was used the ether extract contained salicyl From experi- 
ments on animals, Kohler concluded that salicylic acid existed in the 
blood as sodium salicylate, but that in death from sahcylate poisoning 
the carbon dioxide content of the asphyxial blood was sufficiently high 
to liberate free salicylic acid, because such blood gave up sahcyl to 
ether without the further addition of add 

The carbon dioxide (and other acids) theory was strongly opposed 
by Feser and Fnedberger (131) on the ground that drawn blood con- 
taining sahcylate would not yield any of it to ether until further 
addified These observers advanced the theory that salicyhc add 
exists as an albuminate in the blood However, according to Fleischer 
(132), who also held the opinion that sahcylic acid as such does not exist 
in the blood, even combination with proteins is improbable, smce the 
digestion of blood with sahcylic add resulted m a predpitate and the 
filtrate contained practically aU of the salicylic add By digesting 
salicylic acid with proteins, i e , albumin, casein and S3mtonin, or 
fibrin, and after shakmg out the digested mixture with ether, and 
treatment with boihng water, Farsky (133) found that a residue re- 
mained which contained 14 2 per cent of salicylic acid, and the formula 
C72 Hi]2Ni 8S022 was assigned to it It was found to be soluble in 
gastric juice with hberation of salicylic acid Marme (134) produced 
fever in a dog and administered sodium sahcylate The venous blood 
was then extracted with ether, but no trace of free salicylic acid was 
found 

Still another view was advanced by Jacoby (135) Jacoby believed 
that sahcylate in the blood serum of mjected animals existed in a differ- 
ent form than when salicylate was added directly to serum outside 
the body. The \new was based on the following evidence The 
blood serum of rabbits previously injected ivith sodium salicylate 
jdelded sahcylate containing precipitates with ammomum sulphate, 
but the addition of sahcylate to serum gave precipitates free from 
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salicylate In short, salicj'late in the arculatmg blood seemed to be 
attached to the proteins Jacoby suggested that the sahcylate may 
be bound in some way with ammo compounds, or proteins resembling 
them, in the intestine 

The question of the form in iihich salicjl exists in the arculatmg 
fluids and the tissues of the body' touches on an important pomt, 
namely, the mechamsm of the action of sahcylates in acute articular 
rheumatism The etiology' of rheumatic fever is not absolutely settled, 
but assummg that the condition is a bactenal mfection, and since 
salicylic aad is more bactenadal than sodium salicjdate, and from 
the fact that carbon dioxide can hberate the acid from sodium sahcj 1- 



Tig 2 LiBEtelTION OF S \UCYLIC Acto FEOU SODIOlI S\UC\UlTC XCCORDINO TO HVDRO 
CEv lox Concentration (pH) or the Soection at 40'’C , ittee Boots ant) 
CUIXEN (138) 

ate, it IS suggesUv e at least that salicylate might exert its benefiaal 
action by virtue of the free salicyhc aad m the inflamed tissues where 
the carbon dioxide tension may be \eiy lugh According to Em aid 
(136), the normal carbon dioxide tension of tissues is 6 j>er cent, but 
in inflamed tissues it may reach 20 per cent, and may' be 5 to 7 per 
Cent higher m inflammations than in asphy'xias Unfortunately, 
hov e\ er, the tests of the aad theory that ha\ e been made ha\ e yacldcd 
only negatix e results For instance, Hanzhk (137) found that deCmtc 
liberation of free sahcylic aad from sodium salicylate m pure buffer 
solutions rcqmred a hydrogen ion concentration cquivailcnt to a pH 
of 6 5, and that the presence of 25 per cent serum or plasma protein 
required a much higher degree of aadiU , namely a pH of 5 9,botii being 
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degrees of aadity incompatible with, and indicating the improbabihty 
of demonstrating free salicylic acid in the blood dunng, life This was 
fully confirmed on ammals subjected to fatal asphyxia and whose 
cardiac and arterial bloods became shghtly acid (pH 6 8) Extracts 
of sahcyl-containing fluids from inflamed joints of rheumatic patients 
were found by Scott, Thoburn and Hanzhk (122) not to contain free 
salicyhc acid This might be expected, for joint fluids of rheumatic 
fever are probably usually alkahne, as indicated by the results of Boots 
and Cullen (138), who found values of from pH 7 27 to 7 42 for sixteen 
joint exudates Consequently, the theoiy that free sahcyhc acid, 
liberated by virtue of the greater carbon dioxide content of inflamed 
tissues and their flmds seems untenable The results discussed above 
dispose also of another theory, suggested by Poulsson (139), namely, 
that the absence of a right-sided valvular (tricuspid) endocarditis is 
due to the antiseptic quahties of free salicylic acid liberated here by 
virtue of the greater carbon dioxide content of the venous blood. 
The hberation of salicyhc acid from sodium salicylale according to 
the hydrogen ion concentration (pH) of the solution at 40°C is shown 
in figure 2. 

Since the esters of salicyhc acid are only partly hydrolyzed before 
absorption takes place, a considerable proportion of the unchanged 
compounds appears in the circulation and tissues (21, 23, 24) The 
acetylsalicylic acid appears as the sodium salt and possibly also the 
sahcyl salicylate, but the methyl sahcylate appears as such This is 
probably the reason for the differences in pharmacological action and 
clinical toxicity of these compounds from those of ordinary sahcylate. 
This is contrary to the current conceptions of the fate of acetylsahcyhc 
acid, which was claimed by Gazert (140) among others to be de- 
composed almost entirely in the intestine, and its action, dependent 
on the liberated salicylate. The results of Hanzhk and Presho (21) 
on the decomposition of acetylsalicyhc add m alkaline and acid 
buffer solutions agree with those of Chistoni and Lapresa (141) 
who observed decomposition of the drug not only in alkahne jmces, 
but also in gastric jmce These results are against the claims that 
acetylsalicylic add is non-irritating in the stomach. Bondi and 
Katz (142) found that acetylsalicylic aad is absorbed in part as such 
from the intestine, though all is decomposed before excretion These 
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observers also noted that strong tri-psin preparations nith the addition 
of bile decomposed this acid in five hours at 37°C to the extent of 50 
per cent, minced hver containing 1 per cent sodium bicarbonate 
accelerated the decomposition as compared with hver alone Hanzhk 
and Presho (23, 24) observed no decomposing influence of bile and 
pancreatm on sahcjl salicylate, and only some increase in decomposi- 
tion of methyl salicylate on incubation witli pancreatm According 
to Pillippi (143), novaspinn and benzosalin arc partly decomposed by 
hvmg tissues and tlieir ferments Houev'er, benzosalin is expelled 
with the feces mostly unchanged 

Excretion and fate 

General Sahcylates are excreted in the unne mainly as such, and 
apparently to a small, though variable, extent as salicylunc aad and 
a number of other products On account of their rapid absorption, 
the feces, as a rule, contain exceedingly small amounts, if any at all 
The presence of salicyl ethereal sulphate, salicylglycuronic and ox>- 
salicvlic aad in unne has been reported by C Neuberg (144), ur- 
sahcjlic acid by Baldoni (145) According to Ncncki (146) saligenm 
(salicyl alcohol) m the body is converted into and appears as salicylic 
and salicylunc acids 

Sometimes tlie color of unne is rendered green after sahcjlate ad- 
ministration Wolfiberg (147) thought this to be due to a decompo- 
sition product of indican, which was increased Fleischer (148) 
considered the greenish brown color to be due to alkapton formation 
rather than to change in indican or to pyrocatcchm formation Robin 
(149) regarded it as due merely to increased excretion of indican, 
G See (ISO) as due to the formation of pyrocatcchm from sahcylate 

Unne containing salicylate reduces Fchling’s solution This was 
first observed by’ ricischer (14S), then by Smith-Pye (151) and later 
confirmed by Pollatschek (152) 

The rate of excretion of salicydatc varies with the dosage and diure- 
sis Drasclie (62) found salicyl in the urine wathin a few rmnutes 
after administration of 0 01 gram by mouth, after 0 01 gram the un- 
nary reaction was still present after 24 hours \ftcr ordinary thera- 
peutic doses the reaction did not disappear until at the end of fiv c 
days Large doses were necessary by subcutaneous injection to bnng 
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about similar urinary reactions Balz (96) had the unusual oppor- 
tunity to study the excretion in urine from the ureters of a patient 
■with epispadias and defective anterior bladder wall so that catheters 
could be easily inserted into the exposed onfices of the ureters After 
oral administration of sodium sahcylate, the time of appearance of 
salicyl in urine was 8| minutes, of salicylic aad m 20 minutes, but 
unfortunately no statement is made as to the acidity of the urine, 
nor is the extraction method fully described An increase in diuresis 
was also observed 

Duration of excretion According to Geissler (153), complete elimi- 
nation may take place in 12 hours, but ordmanly it lasts 24 to 48 hours, 
as observed by G See After doses of 1 to 2 grams of the salicylate, 
Blanchier (97) found excretion to be completed in 22 hours, after 4 to 
5 grams at the end of 44 hours In rheumatic mdi-viduals recei-ving 
4 to 8 grams, traces were found in urine at the end of 72 hours Her- 
bivora excrete salicylate more rapidly than carnivora, as observed by 
Feser and Friedberger, quoted by Blanchier (97), and for this reason 
endure much larger doses. Blanchier stated that the time of appear- 
ance in mine is about 12 minutes after administration, m bile 30 
minutes, and in saliva 45 minutes Comet (154) observed the appear- 
ance of salicyl in urine in f to f of an hour after admmistration of salol 
and the reaction was still present at the end of 46 hours A diminu- 
tion and prolongation in the excretion of salicylate has been obser\’’ed 
in disease of the kidney and circulatory organs by Chelchowski (155) 
and Puipus (156) Brouardel (157) claimed the time of appearance 
in unne in older individuals was longer (2 hours) than in the young 
(15 minutes), and lasted longer m the old (2 to 8 days) than in the 
young (24 hours). However, Ehrmaim (158) found excretion to last 
from 36 to 48 hours in normal indi-viduals, and this was not different 
m rheumatism. The administration of alkali was thought to hasten 
the excretion After the cutaneous application of salves, Schumacher 
(66) found the excretion to last 2 daj'^s According to Herissey, Fies- 
singer and Debray (159), 0 002 gram sodium sahcylate by mouth just 
gives a positive iron salicyl reaction in unne, and after a dose of 0 2 
gram the reaction lasts 6 hours 

The excretion of salicyl in mine after the administration of acetyl- 
sahc3dic acid and novaspirin was found by Block (160) to begin in 
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about i hour and last 2 clays It was also reported by Fillippi (108) 
that the excretion of sahcyl in the synowa and urine of rabbits after 
administration of acetylsahcylic aad was slower than after sodium 
salicylate After taking 1 gram of sodium acetylsahcylate, Dreser 
(11) reported that excretion of sahcjd was completed at tlie end of 12 
hours The observations of Pinczower (80) indicated that the appear- 
ance of sahcj'l in unne after salicylic aad, sodium salicylate, acctyl- 
salicyhc aad, novaspinn, salol, sabpynn and benzosahn presented no 
striking differences According to Rocco (161) excretion of sahcyl 
sahcylate lasted 22 hours with rabbits and 73 hours wath dogs 
After full therapeutic doses and under controlled conditions, the 
(hfferences between chfferent sahcyl compounds as to duration of 
excretion is more strikingly demonstrated Hanzhk, Scott and 
Thobum (162) and Hanzhk, Scott and Reycraft (163) observed a 
median duration of 78 hours m normal subjects, of 72 hours in rheu- 
matic patients, and of 80 hours in patients with miscellaneous conch- 
tions After acctylsahcjdic aad in convalescent and rheumatic 
patients, Hanzhk and Presho (21) found the duration to be a median 
of 114 hours, after sahcyl salicylate in convalescents, a median of 101 
hours, and after doses of 1 gram each in 3 normal subjects, a median of 
48 hours (23) Witli methyl salicylate in convalescents, the duration 
of excretion was a mechan of 96 hours, and after 1 18 gram doses in 3 
normal subjects, SS hours (24) In 4 dogs and 1 cat receiving a median 
dosage of 0 2 gram per kilo of methjl sahcj'late gastncally and intra- 
muscularlj , the median duration of sahcyl excretion observ'ed bj Hanz- 
hk and Wetzel (164) was 96 hours It is obvious, therefore, that the 
sahcj’l denvativcs require a much longer time for completion of 
excretion tlian sodium salicjlatc, despite the larger, absolute dosage 
of the latter Ex on the smaller (1 gram) doses of the denx atix es seem 
to inchcate a tendency to retention The tendency’ to longer retention 
in the body may be one factor among others in the greater toxiaty and 
pharmacologc activity of certain of the derivatives A summary of 
the results on duration of excretion of Uie different sahej lates is pre- 
sented in table 1, which contains the mam results of our excretory 
studies 

Quantitative n'cliiods of studying excretion Ecser and rnedberger 
(131) were the first, m 1875, to study the quantitative accretion of 



TABLn 1 

Summary of urinary excretion of different salicylates tn normal tndmdtiah, in rheumatic fever and other diseased conditons and m 

animals after full and small therapeutic doses 
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saLcj'l in unne The salicylic acid was reco\ ered by extraction of the 
unne inth ether These authors reco\ ered 63 per cent of the quantity 
administered, and dre\ the conclusion that the rest of the sahcy he 
acid was destroyed m the organism, since it was not excreted bv the 
feces This was claimed to be incorrect bv U ilosso (165) because 
Tescr and Fncdberger did not consider the presence of sahc\ lunc aad 
hlosso claimed that sahcvlunc acid is only' partly soluble in ordinary 
ether, but much more soluble methyl acetate, so that with a mixture 
of ether and ethyl acetate both the sahcy he and sahcy lunc acids could 
be completely extracted Since the results of hlosso have been 
frequently quoted without sufficient appreciation of the difficulties of 
the method used, a short descnption of the procedure will be given 
here 

In detail the quantitative separation, as earned out by Mosso, 
consists in first remoxang the mucoid and other substances by pre- 
apitalion of the unne with neutral lead aceiatc, tlie precipitate is 
removed and washed sahcy 1-free Then the filtrate is treated with 
ammonia and lead acetate and heated The precipitate, which now 
contains the salicylates is removed on a filter paper and decomposed 
with ammonium carbonate or sulphunc aad, filtered, and the precipi- 
tate w ashed until salicyl-free From the filtrate the salicylic aads are 
now remov ed by repeated extraction with small quantities of a mixture 
of ether and ethy 1 acetate This requires about 6 to 8 extractions 
The ethers are allow ed to evaporate spontaneously from a suitable dish 
and the crystalline residue remaining is weighed The whole is then 
heated on a water-bath until the weight becomes constant, it is weighed 
again, and the weight of this second residue corresponds to salicyluric 
acid Tile difference between the weights of the two residues corre- 
sponds to salicylic acid which had volatilized hlosso collected unne 
for from 2 to 3 days, and recovered 96 8, 98 5, 102 1 and 106 7 per 
cent of the total saheydate administered His conclusion was that 
salicylic acid is not decomposed in its passage through the bodv 
It IS not certain if Mosso made complete collections of unne or not 
TIic application of Mosso’s method bv Thobum and Hanrlik (166) to 
complete collections of three unnes gave rtcovenes of 126 14 , 215 and 
223 per cent, and the sahcy lunc portions from eight animal and human 
urines were unobt.umblc Hence, it was concluded that the method 
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was not suitable for quantitative estimations of salicyl This was also 
the conclusion with respect to a number of other methods depending 
on extraction of salicyl by immiscible solvents directly from, or its 
direct colorimetric estimation in, urine 
The governing principle of a good method is the recovery of the 
total salicyl in pure form, or in aqueous solution free from any dis- 
turbing elements, before it can be estimated quantitatively. The 
estimation can then be easily and accurately made by the color reaction 
with iron (ferric). The method descnbed by Thoburn and Hanzlik 
(166) meets aU the requirements for urine and other body flmds Ap- 
phed to urine, it consists briefly of the hydrolysis of an ahquot portion 
of the specimen with 85 per cent phosphoric acid, distillation with the 
aid of steam until all the salicyl is driven off, and colorimetnc estimation 
of the distillate with ferric alum For details and its application to 
other body fluids the onginal should be consulted The method has 
been used successfully by a number of investigators and applied by 
many trained and untramed workers to hundreds of urines and body 
fluids in our studies durmg the past ten years The method has been 
frequently controlled in pubhshed and unpubhshed expenments with 
extraction methods in which different immiscible solvents were used 
and the residual urmes treated in vanous ways for the detection of 
any unremoved sahcyl The acid residues left after the distillation of 
20 different urinary specimens have been repeatedly shaken out with 
ether, ethyl acetate, chloroform and benzene, and in no single instance 
was there a positive iron test for sahcyl obtained from such extracts 
The agreement in the majonty of mstances has been as good as could 
be expected, and in many cases the quantities of salicyl recovered 
have checked nearly perfectly This is well illustrated by the excre- 
tory results in the studies of Hanzlik and Presho (21, 23, 24) on 
acetylsalicyhc aad, sahcyl salicylate and methyl sahcylate In other 
words, the hydrolysis-distillation method recovers aU the salicyl 
excreted in unne, the recent claim of Holmes (167) to the contrary 
notwithstanding Holmes’ results with his modification of the hy- 
drolysis-distillation method are not altogether satisfactory. Further- 
more, he has overlooked five other pubhcations by Hanzlik and 
assoaates, besides the one cntidzed by him, deahng with excretion 
of sahcyl under a vanety of conditions, in which high and low 
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recovenes have been obtained Recently again, as on many occasions 
in the past, some high unnary recovenes of 93 to 98 per cent 
of the sahcyl administered have been obtained m this laboratorj' 
TOth the onginal distillation-hydrol>'sis method This, lion ever, is 
not invanably true, since the total quantity excreted \ anes ivith the 
individual and the condition We may now consider the quantitativ'e 
excretion of the different sahcyl compounds A convenient summary 
of the pnnapal results is presented m table 1 
Excretion of sahcyl by normal and rheumatic tndteidiials Sahcyl is 
incompletely excreted, a part being destroyed in the tissues The 
administration of daily doses of from 0 21 to 2 grams of sahcylic acid 
for several days to 12 normal subjects resulted in a recovery of 46 8 
per cent of total salicylates m the unne (Wiley (168)) Wiley consid- 
ered the remainder to be changed to sahcylunc acid or stored in the 
body , but it appears that the quantitative method used for the estima- 
tion of sahcyl was faulty The high recov'enes of hlosso (165) were 
mentioned above, but the method used was also unsatisfactory Bal- 
dom (169), who claimed that the data of Mosso and others on elimina- 
tion were discordant, recovered a total of about 86 per cent with his 
method depending on immisable solvents Using full therapeutic 
doses of sodium salicylate, that is, about 15 grams, Hanzhk, Scott and 
Thoburn (162) and Hanzlik and Wetzel (26) found that about 75 to 80 
per cent of the total administered was excreted m unne Since the 
loss could not be accounted for m sweat and feces or by retention, it 
was concluded that about 20 per cent of tlie sahcyl was destroyed in 
Its passage tlirough the body After administration of one gram 
doses to eight human subjects and making complete collections of 
unnes, Devnent (170) recovered only from 1 01 to 14 68 per cent in 
unne and concluded that the remainder was destroyed or adsorbed 
in the body He denies the claims of Mosso (165) and Bondzymski 
(82) that excretion is complete, and also the claim of Brouardel (157) 
that age affects excretion, since y oung and old subjects excreted about 
the same quantities in lus experiments With his sulphunc aad- 
hy drolysis-distillation method, Holmes (167) claims to recover usually 
over 90 per cent of the total (2 to 5 grams) sodium salicvlate ad- 
ministered, but his lower recoveries of from 70 to 80 per cent arc left 
unexpl lined After taking 1 5 and 2 grams of salicy lunc acid, about 
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84 and 85 7 per cent were recovered On the whole, therefore, the 
percentage recoveries of this author, mth the alleged improvement 
in method, are no better than those of previous mvestigators and the 
limited number of his experiments does not settle the question of 
destruction. 

In rheumatic fever, Hanzlik, Scott and Thoburn (162) found the 
total excretion was only 60 per cent, that is, about 15 to 20 per cent 
less than in normal individuals This difference was greatest in the 
early penods, i e , dunng the first ten to twenty hours after administra- 
tion of the drug The concentration of salicyl in the blood and unne 
of rheumatic patients at “toxiaty” was also less than in normal 
individuals The differences were not due to diuresis, nor to retention 
and vicarious excretion of the sahcyl They seemed to be due to 
increased destruction of the salicyl in the febrile rheumatic organism. 

Excretion in other jei^eis and disease conditions A markedly dimin- 
ished excretion was found by Hanzlik and Wetzel (26) in patients 
with febrile tuberculosis and sjqihihs and with Basedow’s disease, 
in drug habitues (chronic alcohohsm and morphimsm) and in nephntis 
of both man and dog The loss of salicyl, amounting to about 40 
per cent, was attnbuted to increased capacity for destruction due to 
the increase in metabolism (katabohsm) in the febrile conditions 
and Basedow’s disease, and to retention with prolonged exposure to 
the destructive action of the tissues in nephntis 

Btcai bonatc on excretion Fleischer (148) claimed that the adminis- 
tration of sodium bicarbonate shortened the period of ehmination of 
sahcyl from 36 to 14 hours Ehrmann (158) also claimed that 
alknh hastened the excretion, but Hanzlik, Scott and Thoburn (162) 
and Hanzlik, Scott and Reycraft (163) were unable to confirm these 
claims in patients recei\dng full therapeutic doses of sodium salicylate 
and doses of bicarbonate up to 16 grams In the majonty of patients 
the dosage of sahcylate and bicarbonate was equal and the urines were 
definitely alkahne in all, but without demonstrable influence on the 
duration and percentage of excretion 

Excretion of esters and other derivatives These are excreted partly 
unchanged and partly as ordinary salicylate, the total excretion being 
generally less than after the administration of sodium salicylate 
Baas (84) found that the salicyl excreted after ethyl sahcylate corre- 
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spondcd only to 21 per cent of the ester gi\en, mth methji salicylate 
onl} about 24 per cent Baas concluded that these esters were only 
partially hydroljzed in the intestine, a part remaining unabsorbed, 
and in part the esters were excreted combined with ethereal sulphates 
Old unne possessed the odors of these esters, since their ethereal 
sulphate compounds had broken dow-n and liberated the esters Sah- 
cylamid was found to behave similarlj , but salol was found to be en- 
tirely decomposed After the apphcation of 2 grains of methj 1 sali- 
cylate to the skin, Linnoisier and Lannois (68) found 10 per cent of the 
salicyl in the unne in 24 hours, after 4 grains, 25 to 30 per cent After 
internal administration of ethjd sahcylate, BondzjTiski (82) claimed 
91 3 per cent of sahcyl in the unne, no ester was found in the feces 
Using full therapeutic doses, Hanzlik and Presho (21, 23, 24) made 
a systematic study of the unnary excretion of acetylsalicjlic aad, 
sahcyl sahcylatc and methyl salic>late The results were checked 
by two quantitative methods, that is, by hydrolysis-distillation and 
by a speaal extraction technique in which the residual unnes were 
treated for any unextracted sahcyl so that all the sahcjl reacting with 
iron, which includes salicylunc acid, w-as removed From 4 to 14 8 
grams of acetylsahcyhc aad were administered to 6 subjects of whom 4 
were convalescents and 2 suffered with rheumatic fever The results 
of uncompheated expenments were as follows a total sahcjl excre- 
tion of about 80 per cent in the convalescents and 68 5 per cent in the 
rheumatics, a difference that agreed qui tc w ell w ith that observ ed with 
sodium sahcjlate From 8 8 to 36 6 per cent of the acetj Isahcj he 
acid administered was excreted unchanged, and tlus was not influ- 
enced bj the chmeal condition, dosage of the drug, diuresis, total sahcyl 
excreted and some other factors The excretion of uncliangcd acetj 1- 
salicjhc acid was anticipated from the results of hjdroljsis txpen- 
ments in vitro discussed in the section on absorption After 2 gnm 
doses in patients, Devnent (170) recovered 3 6 and 2 25 percent of the 
undnnged acctvlsilicvlic acid in unne, and after 1 gnm magnesium 
acetv Kalicj’late, 2 8 per cent Using a method similar in pnnaple 
to that of Ilanzlik and Presho, Chistoni (171) recovered about 33 per 
cent of uncliangcd acetv isahej he aad after 1 gnm doacs of the drug 
in human subjects 

Uoscs of from 4 to 12 grams of sihcv I sahev late in 4 conv alesctnt 
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subjects yielded a total salicyl excretion of 63 per cent, and of 
66 per cent in 3 normal subjects, receiving 1 gram doses of the drug 
(Hanzbk and Presho (23)) In the 4 subjects receiving the high 
doses, about 6 per cent of the total salicyl salicylate administered 
appeared unchanged in the unne This result was partly predicted 
from the hydrolysis experiments in vitro, since these suggested 
that the conditions in the ahmentary tract would permit only a 
limited decomposition of the drug The results on the recovery of 
total salicyl agreed with those of Baldom (169) who recovered an aver- 
age of 65 per cent in 3 subjects 

In 6 convalescent patients, who received from 6 58 to 10.72 grams 
of methyl sahcylate, the excretion of total sahcylate was rather 
vanable, the median being 50 8 per cent, uninfluenced by dosage, 
diuresis and dmical condition Three normal subjects receiving 
1 18 grams each of the methyl salicylate showed a total sahcyl 
excretion of about 50 5 per cent (median) The excretion of the 
ester in 3 patients was from 0 055 to 0116 per cent of the total 
administered This was much less than could be predicted from in 
vitro experiments on hydrolysis which was very small under the most 
favorable conditions Hence, it seemed that the alkalinity, enzymes 
and bile of the alimentary tract did not participate much in the 
considerable liberation of sodium salicylate from the ester in its passage 
through the body Apparently the greater part of the methyl sali- 
cylate was hydrolyzed in the tissues The percentage excretion of 
methyl sahcylate in human subjects was less than that found by Hanzhk 
and Wetzel (164) in animals which excreted from 0 2 to 0 52 per cent 
of the total administered (0 22 gram per kilo) gastrically The greater 
variabihty of excretion of methyl salicylate as compared with sahcyl 
sahcylate and acetylsalicylic acid may be due to slower and irregular 
absorption suggested in the experiments However, this does not 
account for the incompleteness of its excretion 

Although the excretion in feces was not studied with any of these 
denvatives, it appears improbable that expulsion with the feces, or 
incomplete absorption, would account for the losses, since the total 
excretions after small doses (around 1 gram) of salicyl salicylate and 
methyl sahcylate were about the same as after the large or full thera- 
peutic doses Finally, complete collections of urines were made m all 



SALICltLATES AND CINCHOPHEN IN ItEDICINE 


237 


cases, that is, until they ivere sahcyl-free Therefore, the loss of 
total sahcyl after these derivatives, as also after sodium sahcylate, 
seems best accounted for by destruction of the sahcyl group in the 
tissues 

Excretion in animals This is generally less after sodium sahcylate, 
but more after methyl sahcylate than in man, while after acetjl- 
saheyhe aad the excretion is about the same Hanzhk and Wetzel 
(26) found the total excretion of sodium sahcylate in 8 healthy dogs 
and I cat receiMng about 0 2 gram per kilo gastncally, intramuscularly 
and hypodermically to be a median of 56 6 per cent, and this remained 
practically unaltered in 2 dogs whose hvers were degenerated by 
treatment with phosphorus, and in 2 dogs and 1 cat receiving pow'dered 
thyroid wath the idea of increasing the destruction The excretion in 
normal ammals, individually and collectively, was much less than 
in normal human subjects, and is indicative of a greater capaaty for 
destruction In a dog with expenmental nephntis from sahcylate 
itself, the total excretion was reduced to 26 6 per cent and this was in 
line with the small excretions of patients with nephntis As for 
acetjlsahcyhc acid, Pitini (172) admimstered 1 and 1 S gram doses to 
6 dogs and recovered from 19 to 33 per cent of the total sahcyl excreted 
as the unchanged drug, which is about the same as in the human sub- 
jects of Hanzhk and Presho (21) Methyl sahcj’late was mentioned 
above 

Destruction under biological conditions Tlie excretory results dis- 
cussed above point to some destruction of the sahcyl group in its 
passage through the body There arc other evidences which indicate 
the relativ c ease with which sahi^'l is decomposed bv living organisms 
It IS a familiar fact, tliough formerly insufTiciently apprcaated, that 
solutions of sodium sahcylate and other sahcyl compounds gradually 
lo^c strength on standing This is easily demonstrated in weak solu- 
tions of sahcylate used as standards in quantitative estimations 
Such solutions do not retain tficir onginal strength for more than 
about two weeks The detenoration is due to some form of living 
matter such ns fungi, since solutions containing a prtscrv aliv c (chloro- 
form) and free from fungi do not detenorate Tins evidence w’S 
obtained m an extensive studv of the destruction by Hanzhk and 
Wetzd (26), vvho observed, m addition, that destruction of the sail- 
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cylate occurred by yeast, though somewhat less than by the fungus 
growing naturally in salicylate solutions, and by hashed organs of 
animals The destruction did not appear to be the special function of 
a particular organ, such as the hver, since the excretion in certain 
diseases of the hver in man and in hepatic degeneration in animals was 
within the normal range Finally, the destruction was found to be 
greater in fever, Basedow’s disease and nephntis, that is, dunng in- 
creased katabohsm and in retention, than in normal subjects It 
was also greater in animals than in man Devnent (170) could re- 
cover only from 4 5 to 16 per cent from hashed organs, but some 
adsorption could not be ehminated, smce the addition of sahcylate to 
gelatin did not permit complete recovery, that is, at most 44 per cent 
Taken as a whole, therefore, the evidence brought forward would 
seem to leave no doubt concermng the destruction of the sahcyl group 
by living orgamsms The destruction appears to be a part of the 
general function of metabohsm This view is contrary to the older 
views of Nencki (146) and Mosso (165) whose work, however, can 
not be accepted without question It is consistent with the famihar 
chemical fact that salicylate when heated with alkalies is rather readily 
changed to phenol The destruction of salicyl by living organisms 
should be of some practical interest in the metabolism of phenols and 
other aromatic derivatives It may help to appreciate why salicyl in 
low concentrations is not an effective antiseptic in the blood and 
tissues, the necessity of using large doses to secure therapeutic effects, 
its harmlessness when used in low concentrations as food preservative, 
reference, of course, not being made to free salicyhc acid and its local 
effects 

Salicyhmc add The existence of this elusive product in the body 
has been denied and affirmed from time to time since the first report of 
its occurrence in unne by Bertagnini in 1856 (173) Bertagnini 
obtained a crystalline residue by ether extraction which, when exposed 
to a current of air at 140° to 150°C , yielded two products That which 
volatilized was declared to be salicyhc acid and the remaining non- 
volatile portion, salicyluric aad, because when purified it possessed 
the following properties meltmg point 160°C, it was readily soluble 
in ethyl acetate and alcohol, but less so in ether, more soluble in hot 
water, but almost insoluble in cold water, the taste was bitter, and it 
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possessed an aad reaction The elemental composition, including 
nitrogen, answered the theoretical one for sahcvlunc acid and the 
empincal formula was giien as CnHaNsOs From the following 
formula usually given for it, CjHi OH CO— NH CH* COOH, it is 
seen that it is a conjugation product of salicyhc aad with glycocoll 
and, therefore, chemically analogous to luppunc aad (CsHi CO-NH - 
CH- COOH) Its chemical properties resemble those of sahcjlic 
aad and it gives the characteristic pink to \iolet reaction witli iron 
Accordingly, any method depending on the iron reaction for the 
estimation of total sahcyl directly in solution or extractives must 
include sahcylunc aad For over 60 years after Bertagnini, nearly 
all investigators followed essentiallj the same procedure, except for 
mmor modifications, in the isolation of sahcylunc aad as employed by 
Bertagnini, wath vanable successes A bnef resume of these later 
researches follows mainly to illustrate their uncntical nature 
In a report by Gnehm (174) to the Swiss Chemical Soaety in 1875, 
it is stated that Piccard was able to confirm the results of Bertagnini, 
although ho objected to the method of punfication (by means of sub- 
limation) recommended by Bertagnini as insuffiaent to give pure 
sahcvlunc aad No data arc presented, but according to Neubauer 
and Vogel (175), who quote Piccard, the separation of the two aads, 
1 e , salicylic and sahcjlunc aads, was accomplished by crystallization 
from ether and benzene, the saheyhe aad crystallizing first Accord- 
ing to Stockman (176), sahcylunc acid is insoluble in boiling benzene, 
and according to Baldoni (169), in chloroform These solvents were 
used by these investigators to separate saheyhe from sahcylunc aad 
in unnary' residues obtained by etliereal extraction However, m 
neither case were the products sufiiaently studied so as to identify 
them as sahcylunc aad In some earher work, Baldoni (177) deter- 
mined the melting point of sahcylunc aad as 178°C Stockman did 
not detemunc the melting point of his products, but identified them 
by their solubilities, by testing for ammonia (nitrogen) by soda lime 
and by their action on y cast and some common bactena Obvaously 
such tests are not sufiiaently spcafic and definite Vccording to 
Stockman, the unnts after administration of salian, saligenin and 
methyl salicylate contained s ihcylunc aad U Mosso (165) required 
the use of ethyl acetate besides ether for complete extraction of both 
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the salicyl acids and claimed to be able to separate sahcylunc from 
salicyhc acid in his quantitative method for the estimation of sahcyl 
in urine, but Mosso also did not identify the supposed product as 
sahcyluric acid He concluded that most (up to 80 per cent) of the 
excreted salicyl in unne of man consisted of salicyluric acid, while 
in the dog the opposite was true On the other hand. Baas (84) 
claimed that sahcylunc acid can be completely extracted from acidified 
sahcyl urine by ordinary ether alone Using the method of Mosso, 
no salicyluric acid could be detected by Wiley (168) in the urmes of 
human subjects taking salicylate Nencki (146) claimed to have 
recovered salicyluric acid from unne by ether extraction of the acidified 
extractive obtained from urine treated with neutral lead acetate and 
then with alcohol The melting point of his product was 159°C and 
the elementary analysis for carbon, hydrogen and nitrogen corre- 
sponded to the theoretical, but it is not clear how the figure for nitrogen 
was obtained Nencki stated that the decomposition of salicyluric 
acid into glycocoU occurs easily in urine Using a method similar to 
that of Nencki, and after the administration of salol and Z>-naphthol 
salicylic acid, Lesnik (45) obtained a product which melted at IdO^C , 
and, from the analysis of the carbon and hydrogen content, he cal- 
culated the nitrogen content (without actual determination), and these 
figures put together corresponded to the theoretical formula for salicyl- 
unc acid However, Lesnik doubted if sahcyluric aad was the only 
salicyl product in urine In his earlier work, Baldoni (178) asserted 
that he could demonstrate sahcyluric acid in the human, but not in 
dog urine In dog urine, two other sahcyl compounds were obtained, 
one containing mtrogen, i e , uraminsalicylic acid (CibHisNOs), and the 
other free of nitrogen, i e , ursahcylic acid (C 15 H 14 O 8 ) In uramin- 
sahcylic acid, Baldoni claimed that the nitrogen was not in the amino 
form, but he failed to mention his tests Both of these salicyl com- 
pounds gave an azure color with ferric chloride which Baldoni em- 
ployed as the chief differential point from sahcylic acid which gave a 
violaceous color Similar modifications of the iron salicyl color reac- 
tion may occur in the presence of impurities and probably have no 
significance Most of the sahcyl in dog’s urine, however, appeared 
uncombined, and only a small fraction as the two compounds In 
later work, Baldom (179) mthdrew his former claims about the isola- 
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tion of salicj’l gljcuronic acid from human unne, and he regarded 
Neuberg’s nei\ product to be the same as his ursaUc\hc aad He 
attached no importance to the use of lead acetate in the isolaUon of 
sahcjl compounds from unne In still later work on human unne, 
Baldoni (169) claimed that the data on the excretion of salicjl and 
sahcjdunc acids reported by Mosso and otliers were discordant, and, 
with his owm method, claimed that the proportion of e,\creted aads 
after the administration of 5 grams sodium salicylate was 2 12 of 
sahcjlunc to 1 of salicj'hc aad However, there was no identification 
of the sahcylunc aad and the separation of the two aads was assumed 
to be complete by means of solvents Nevertheless, Baldoni con- 
cluded that the greater part of admimstered sahcyl is eliminated as 
sahcylunc aad and that mdividual vanations exist, but whether the 
conjugation can be facilitated or interfered witli remained unsolved 
From all that has been said, the unsatisfactorj’ nature of the earlier 
reports on sahcylunc aad is quite obvious The more recent investi- 
gations, now to be discussed, arc more cntical, but no more decisive 
as to the regular occurrence of salicylunc aad 
It IS obvious that before a product may be accepted as salicjlunc 
acid It must possess certain physical and chemical properties that arc 
distinctive and different from salicylic aad with which it is closely 
associated Essentially this resolves itself mto a determination of the 
melting point, estimation of the mtrogen content, and, if mtrogen is 
present, it must be shown that it exists in tlie form of a ammo aad 
mtrogen In addition, it is desirable to know the solubility in different 
solvents, since it is upon tins that the separation of salicylic and 
salicyluric aads w as based by many investigators It is very essential 
that the products be pure, for, so far as nitrogen is concerned, this 
might be denved from the ammo nitrogen of hippunc aad occurring 
normally in unne, or from other nitrogenous constituents Tlie lack 
of information on this point and the nitrogen content of the alleged 
sahej luric products in prevnous inv cstigations is nolonous Depend- 
ing on these entena, Hanzlik (180) attempted to isolate salicj’luric 
acid in the urines of 12 human subjects and of 8 dogs and 2 cals, re- 
ceiving small, medium and full therapeutic doses of sodium sahejdate 
The methods of determining the melting point, solubilitj and nitrogen, 
of punfication, etc , can not be considered in detail here but they v ere 
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of the usual standard kind. The test for c-amino nitrogen was 
apphed for the first time to sahcyl urines in this study This was done 
colorimetrically with the triketone hydrate (ninhydrin) reagent of 
Abderhalden which demonstrates conclusively the presence of the 
amino group in the alpha position, and, therefore, should be positive, 
as it was, with synthetic salicylunc acid and with hippuric acid Pure 
synthetic salicyluric acid was prepared by the method of Bondi (181) 
and this and hippuric acid were employed as controls Sjmthetic 
sahcyluric acid may also be prepared accordmg to the method of E 
Fischer (182) In addition, the methods of Bertagnini, U Mosso, 
Baldoni, Stockman and Nencki and various modifications of these, 
and also other methods, were applied to the urines under various 
conditions, i e , freshly voided, preserved, standing and decomposed, 
with and without the use of heat Briefly, the urinary extractives 
were completely negative for sahcyluric acid, since all the criteria 
defined above were not fulfilled The products that were obtained 
were not well characterized, did not have distinctive properties and 
glycocoll was not demonstrable Therefore, it was concluded that 
sahcylates were probably not converted into salicylunc acid in the 
hving organism, and that the products that had been previously inter- 
preted as salicyluric acid were presumably more or less impure sah- 
cylic acid However, the more recent attempts of Drzimal (183) and 
of Holmes (167) indicate that some vanable amounts of salicylunc 
acid may be removed from human unnes 
Drzimal (183) reports the isolation of 0 98 gram crude sahcyluric 
aad equivalent to about 13 per cent of the total salicyl residue of 7 3 
grams from the urine of one patient receiving 5 grams of sodium 
salicylate In other words, about 87 per cent of the sahcylate excreted 
was excreted as such Moreover, the total sahcyl recovered by Drzi- 
mal from the urine with the hydrolysis-distfllation method of Thoburn 
and Hanzhk (166) was 6 2 grams, which agreed quite well with the total 
of 7 3 grams of impure extractive recovered gravimetncally and from 
which the small quantity of 0 98 gram of sahcyluric acid was obtained 
This shows that the hydrolysis-distfllation method is capable of re- 
covering all of the sahcyl products, including sahcyluric acid, con- 
trary to the claims of Holmes (167) Drzimal’s sahcyluric product 
was identified qualitatively by the same cntena as employed by 
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Hanzlik Unkno^\n quantities of the same product m some unnarj' 
extractives, and identified by essentially the same criteria, are reported 
by Holmes (167) B> a procedure that is indeed questionable for the 
quantitative estimation of any nitrogenous product, let alone salicjl- 
unc acid. Holmes (167) arrives at the conclusion that for doses of 
sodium sahcjlate from 2 to 5 grams, the ratio of salicylunctosalic>hc 
aad m unne is a constant at the value of 60 to 40 (1 5 1) This is 
quite different from the ratio claimed by Baldom (169), namely, 
2 12 1 However, the variability of these ratios is not surprising, 
since these investigators did not isolate, and conclusively prove they 
were dealing wath, sahcvlunc acid m their quantitative evpenments 
Using Baldoni’s method, Chistoni (171) claims that 79 89 and 73 37 
per cent of the total unnarj sahcyl in two human subjects receivang 
1 gram doses of acetylsahcvhc aad were excreted as sahcylunc acid 
However, Chistoni did not isolate the product Thus it appears from 
the most recent work that some sahcylunc acid may appear in some 
urines after the administration of sodium salicylate, but that the 
occurrence in different species and its regulanty and quantity are 
unsettled It is not clear why some investigators have considered a 
conjugation of tlic compound wath gly cocoll an indispensable ev'ent, 
for salicylic acid, being a phenol as well as an acid, could conceivably 
conjugate with sulphuric aad with the excretion of ethereal sulphates 
In fact, certain investigators have reported the excretion of ethereal 
sulphites, and of other sahcyl products 

Behavior of salicyluric acid m the body This can be studied with 
the synthetic product, which seems to be practically' inert Stockman 
(176) found that hypodermic injections in rabbits gav'e no symptoms, 
and it produced no benefiaal effects in rheumatic fev’cr Stockman 
suggested that the administration of frequent and large doses of sodium 
salicy late in rheumatic fev er is necessary because of its rapid excretion 
and rapid conversion into the inert sahcylunc acid Baldom (184) 
reports that the acid is excreted unchanged and that hepatic lesions 
prev ent its sv nthesis w Iiile kidney lesions probably fav or it How ev er, 
the onginals of liis publications were not available '\ftcr 1 5 and 2 
gram doses of sahcylunc acid. Holmes (167) recovered 84 and 85 7 per 
cent in unne 

Other salicsl proliicts iii urine It was mentioned in the beginning 
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and in other parts of this section that C Neuberg (144) reported the 
presence of salicyl ethereal sulphate, sahcylglycuronic acid and 
oxysalicyhc acids, that Baas (84) found the methyl and ethyl salicyl- 
ates combined with ethereal sulphates and that Baldoni (1781 found 
the uraminsalicylic acid and ursalicyhc acids Holmes (167) denies 
the possibihty of glycuronic acid existing in sahcyl urines, and Ciam- 
iaan and Ravenna (185) claim salicyl undergoes partial oxidation in 
the organism into compounds which are not easily extractable A 
product that has been extracted from dog’s urine by Angehco (186) 
is gensitinic acid (C7H6O4) after the administration of sodium salicyl- 
ate It was recovered with ether after acidification of the syrupy 
residue with sulphunc acid, is crystalhne with a melting point of 197° 
to 198°C , and at 210°C decomposes into hydroquiuone Chemically 
it is claimed to be oxysalicyhc acid-2,5 Angelico concludes that in 
dogs at least sahcylunc acid is not formed 

Excretion of sahcyl tn sputum Excretion of sahcyl and antipyrine 
in the sputum of diseased lungs, but not of guaiacol and terpenes, is 
reported by F Falk (187) 

Excretion of ctnchopJien. Nothing definite is known about this 
Dohm (188) believed cinchophen gave rise to hydroxy cinchophen 
and a number of other pyridme denvatives Skorczewski and Sohn 
(189) concentrated 30 liters of urine from a man receivmg cinchophen, 
and after extraction of the concentrate with ether, obtained a product 
vath a melting point of 200°C which they claimed was 2-phenylqum- 
oline-4-carboxylic add, an oxidation product of cinchophen Using 
the diazo reaction with urine after taking cinchophen, Gremert (190) 
found no change in the excretion of oxidation products and of residual 
nitrogen, but there was an increase in organic, inorganic and neutral 
sulphur Recently, Scheunemann (191) has made a study of the urine 
of rabbits recemng cinchophen and reported the presence of five 
products; a red pigment of unknown constitution, 5,6-dioxyquino- 
hne,8-oxyquinoKne,6-oxyquinohne and 6-oxy-4-qmnohne (^) His 
method consisted of extracting with ether the concentrated urine 
previously addified with hydrochlonc add, washing the ether extract 
vuth alkah and then applying certain tests to the brown, thick residue 
left after removal of the ether by distillation The residue v as soluble 
in benzene, crystalhzed from amyl alcohol, gave a blue green color 
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with iron, and a red to reddish brown with MiUon’s reagent These 
tests, it IS claimed, e\cluded phenol and indicated dioxyquinoline, 
the p oxyquinohne giving with feme chlonde a weak jellow color 
Scheunemann quotes Donath to the effect that the latter claimed 
oxidation of cmcliophen to a pyndinc-carbomc aad in the orgamsm 
The expulsion of neoanchophen wath the feces has been studied by 
Barbour and Lozinsky (86) and was discussed m the section on absorp- 
tion As only about onc-third of the dosage administered (1 5 and 
9 grams) was claimed to be absorbed, the unnary excretion of an> 
products must be small 


Effects on metabolism 

Nitrogenous This is generally increased Lessened urea excretion 
was noted in diabetic individuals by Furbnnger in 1875 (53) Bohr 
(192) noted a marked increase in protein decomposition in dogs 
Wolfsohn (193) observed in two animals a diminution followed by an 
increase in nitrogen excretion, in four animals there was from the start 
an increased urea excretion The total nitrogen and unc aad m unne 
of patients taking 3 grams of sodium salicylate were found to be 
increased b) Bjasson (194) Chironc and Pctrucci (195) observed 
in dogs and cats that prolonged administration of salicylate leads to 
emaciation and loss of body weight The results of C Virchow (196) 
confirm those of Bohr Salomfc (197) found that urea excretion was 
increased only after large doses of the salicylate In Kumagawa’s 
(78) expenments the increase in protein decomposition averaged from 
10 6 to 13 4 per cent over the normal This was compensated for bj 
a loss dunng the aftcr-penods There was an increase in reduang 
substances m unne (about 60 per cent) The same w as observed w ith 
silol John (198) reports no influence on metabolism by sahc> bates 
Xo definite conclusions can be drawn from the work of Tauszk and 
^as (199) because of Uic uncertamt> of the diet and the unreliability 
of the quantitative methods used Goodbodj (200) studied the dis- 
tnbuuon of nitrogen in unne during penods of sahcvlate medication 
As compared with the normal, the speafic gravity of the unne was 
increased, ind this was due to inaeascd excretion of nitrogenous 
substances, particularly urea Ammonia v os ako increased There 
was no effect on protein absoqition In Wiley ’s (16S) subjects there 
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was a slight inhibitory effect on nitrogen metabolism Creatinine 
mtrogen was slightly increased, urea unaffected, and ammonia de- 
creased There was an increased quantity of metaboKzed mtrogen or 
tendency to increased digestibihty and absorption of nitrogen in- 
gested The specific gravity of the urine dunng sahcyl periods was 
increased, the quantity of solids was also increased, and persisted 
through the after-period This suggested that the katabohc activities 
of the organs were increased The conclusions, however, are not fully 
convincing 

Under controlled conditions of dietary, etc , and using modem 
analytical methods, Denis and Means (201) demonstrated consider- 
able increases (up to about 40 per cent) in the excretion of total nitro- 
gen in two normal subjects and one septic individual receiving up to 
6 6 grams of sodium salicylate There were also increases in phos- 
phates and unc acid dunng the salicyl periods, but the increase in 
total nitrogen tended to persist after the administration of salicyl 
Recently, Ohtani (202) observed that moderate amounts not only of 
salicylic acid, but also of the in- and ^-hydroxybenzoic acids, increase 
the nitrogen excretion in rabbits On the other hand, large amounts, 
particularly of sahcyl, diminish the excretion This may be due to 
dimimshed excretory activity of the kidneys, which are injured by 
large doses, causing nephritis Ohtani states further that all of the 
compounds increase the reducible constituents in urine, and that the 
m- and ^-hydroxybenzoic acids always increase the ethereal sulphates 
of urine, but not salicyhc acid 

Uric acid Owing to the fancied connection of uric acid with the 
etiology of acute articular rheumatism, the earlier literature contains 
several contnbutions on the effects of salicylates on the excretion of this 
purine These are now chiefly of historical interest, but are remark- 
able for the uniformity of agreement on this phenomenon, which has 
been confirmed by the latest researches As early as 1877, G See 
(150) thought that salicylate increased the excretion of uric acid m 
gout Blanchier (97) thought that salicylate increased unc acid 
excretion in normal as well as rheumatic individuals, urea excretion 
was also increased Marrot (203) found uric acid excretion to be 
increased in individuals suffermg with rheumatic fever, lessened in 
fever-free subjects In observations on himself, Salome (197) found 
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that only large doses of salicylate increased the unc acid excretion 
In dogs, Kumagawa (7S) found the excretion to be increased from 31 to 
45 6 per cent Sclireiber and Waldvogel (204) reported a constant 
increase in unc aad excretion The most marked increase in unc 
acid excretion occurred on the third day of sabcylate medication in a 
subject stuched bv Herter and Smith (205) Sicgert (206) found 
excretion to be lessened Hemngham and Davies (207) obserx ed an 
increase m excretion, but were not satisfied that tlie presence of 
salicyl in unne did not interfere with unc acid determination In 
diseased conditions, a decreased unc aad excretion was noted by 
Martineau (208) m tj’phoid fever, of unc aad, urea and phosphates 
by Bouchard (at Blanchier (97)) Unfortunately, many of these 
earlier obseners took no account of the dietary rCgimcs, though the 
estimations nere frequently made in 24-hour collections of urinarj’ 
specimens 

Later nock, earned out by modem and more reliable methods, 
supported thexaens of the older investigators, namely, that salicjlates 
increase the excretion of unc aad The increased excretion observed 
b> Bohland (209) was considered to be the result of increased unc acid 
production, and was asenbed to the concomitant leukocj’tosis Hack 

(210) also observed an increased unc acid excretion after salicylate, 
and also asenbed this to leukocytosis, but, as no statement is made 
when the leukocyte counts were made, it is difficult to judge of any 
existing relation between the increase in unc acid and the leukocytosis 
With subjects on a constant protein diet, sodium salicylate was found 
bj Schrciber and Zaudy (211) and by Sdirciber and Waldvogel (204) 
to cause a greater excretion of unc aad than salicjlamide, and these 
increases bore no relation to leukocj'tosis, which was vanable and often 
lower at the time of tlic greatest increase in unc acid excretion Lew- 
andowski (212) reported that benzoic and quinic aads, as well as 
salicylic aad, increased the excretion, but gave no metabolic controls 
In dogs, which were kept on a constant diet and fluid intake. Singer 

(211) found that acetvlsalicj'Iic aad increased unc acid elimina- 
tion and suggested that this was due to a simultaneous increase in 
Iciikocvtcs 

In expenments on himself in nitrogen and phosphate balance, 
Ulna (214) confirmed the work of previous observers, and found 



248 


P. J HANZLIK 


that tine acid excretion was increased by sodium salicylate from 
40 to 50 per cent Uliici could draw no conclusions as to the effects 
on leukocytes, since the counts were too dissimilar and since increases 
occurred also when no sahcylate was taken According to Hall (215), 
the endogenous purines in urme are increased by the admimstration 
of sodium salicylate, and this mcrease does not arise from excessive 
ceU destruction, but probably from diminished destruction of the 
unc acid already present Wdey (168) concluded from observations 
on 12 subjects that uric acid was decreased, but the figures indicate 
practically no change in the excretion; yet there was an increase in 
leukocytes in the blood Rockwood (216) found acetylsahcylic acid 
to increase the excretion of uric acid, and concluded this to be due to 
an inhibition of the uricolytic ferment rather than to destruction of 
nuclein, since there was no simultaneous increase in excretion of phos- 
phonc acid Approximately a 30 per cent increase in unc acid excre- 
tion lasting till the end of the second day was reported by Dreser (11) 
after 2 2 grams acetylsahcylic acid admimstered to a subject on a 
constant diet 

The following interestmg features regarding the effects of sahcylates 
on uric acid excretion have also been desenbed Stookey and Morriss 
(217) found that the hver, kidney, spleen and muscles of dogs given 
sodium sahcylate (0 1 gram per kilo) increased the decomposition of 
uric acid as compared with the organs of untreated ammals The 
time of exposure was from 44 to 144 hours, the treatment of the dogs 
lasted from 5 to 10 days, and 9 to 65 grams of the organs were used 
Waucomont (218) reported that sodium sahcylate diminished the 
excretion of uric acid and xanthme compounds in chickens with experi- 
mental gout produced by feedmg horse flesh over long periods of time 
According to Pohl (219) allantoin excretion is not increased by sahcyl, 
but Nagashima (220) claims that it is, and that this holds for cincho- 
phen and the benzoic and quinic aads as well as for sahcyl Before 
going to the mechanism of the increase in uric acid excretion, the 
reports on cinchophen wiU be presented 

An increase in uric acid output after admimstration of cinchophen 
was originally observed by Nicolaier and Dohrn (28), and confirmed by 
nearly aU later investigators among whom were Wemtraud (221), 
Plelm (222), Retzlaff (223), Schittenhelm and XJllmann (224), Wie- 
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choivski and Bass (225), Zuelzer (226), Skorczeuski and Sohn (227), 
and Kehrer (228) However, the explanations of the phenomenon 
were vaned and none was salisfactoiy Nicolaier and Dohrn thought 
the increase was due to a “toxic” production of unc acid, Skorczewski 
and Sohn to a diminished oxidation, and Kehrer to stimulation of the 
enznnatic conversion of punne bases to unc aad Brugsch (229) 
claimed that cinchophen mobilized deposited urates and this idea is 
being exploited even today despite tlie untenability of the notion on 
tlie basis of well known physical and chemical properties of the urates 
Starkenstem and Wiecliowski (230) claimed that cinchophen depressed 
the punne metabolism as indicated by tlie reduced excretion of allan- 
toin in animals and by the reduced excretion of unc aad dunng the 
after-penod in man This metabolic action was claimed to be in- 
constant, and in gout the greater elimination of unc aad exaetion 
was accounted for on the basis of a greater amount of the metabolite 
aiailablc from deposits In later observations, Starkenstem (231) 
claimed that the anchophen caused only a temporaiy increase in uric 
acid excretion by healthy subjects on a punne-free diet without further 
increases after admimstration of the drug dunng the subsequent 
period of diminished excretion He argued that the increased excre- 
tion could not be due to increased formation, since in ammals there 
was no demonstrable inacase in allantoin output under similar condi- 
tions Furtliermore anchophen retarded tlie action of punnc-forming 
cnzj'mes in the liver, csptaallj the xanthine-oxidase In contrast 
with cinchophen, calcium chlondc decreased the excretion of both unc 
aad and allantoin and retarded the actinty of punne-forming en- 
zjanes, and radium emanations increased the output of unc acid m 
man and of allantoin in rabbits Weintraud (221) advanced the 
X lew that the drug exerted a selecUx e action on the kidney and through 
this action remoxed unc aad from the body RetzlafI (223) con- 
curred in this view' 

The older explanations of the increased unc aad ehmination vaned 
according to the views concerning the nature of punne metabolism 
and of gout and rheumatism Unnaty analyses alone could not settle 
die question and the older quantitatixe metliods based on isolation 
of the metabolite were inadequate The few blood analjscs reported 
Were unreliable Ihere was also some confusion from tlie fact that the 
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total nitrogen of the urine was not always increased during the uric acid 
increase According to modern work on the subject, sahcyl increases 
the total nitrogen excretion Nevertheless, so far as the mechanism 
of the increased unc acid excretion is concerned, this seems to be the 
same for both salicyl and cmchophen and is concerned with the kidney 
rather than with some obscure change in metabolism or mobilization 
of the urates in the tissues PietruUa (232) observed that large 
(6 grams daily) doses of sahcylic acid increased the excretion of unc 
acid from 0 25 to 0 6 gram in normal subjects on a purine-free diet, and 
suggested that the point of attack was similar to that of cinchophen 
However, it remained for Fohn and Lyman (233) and Denis (234) to 
demonstrate conclusively that the mechamsm of the increased excre- 
tion by these drugs is identical 

Mechanism of the increased unc acid excretion by cmchophen and 
sahcyl Using the colorimetric method of Folin and Denis (235) for 
uric acid in unne and blood, Fohn and Lyman (233) demonstrated that 
single and repeated doses of 3 and 5 grams of cinchophen invanably 
increased the uric add in unne and simultaneously decreased its 
content m the blood of 5 convalescent subjects and one patient suffer- 
ing with gout These mvestigators concluded that the mcreased 
output represented the ehrmnation of uiic aad which had predously 
accumulated in the blood, and that the previous accumulation repre- 
sented a corresponding kidney inefiidency The cinchophen caused 
a dimmution of the non-protein nitrogen and urea whenever these 
were present m the blood m usual amounts This was in accord 
with the ideas of Weintraud (236), who demonstrated diminution of 
“resff’ nitrogen of the blood after anchophen Fohn and Lyman’s 
gouty patient responded the same way as the convalescents, and, since 
the uric aad content of his blood mcreased on withdrawal of the drug, 
they concluded with Weintraud (221) that the action of the drug vas 
on the ladney Following Fohn and Lyman, McLester (237) and 
Stemitz (238) also demonstrated that anchophen lowered the uric 
aad content of the blood Definite evidence of the sirmlanty of the 
mcreased unc aad excretion after sahcyl to that after cmchophen was 
supphed by Denis m 1915 (234), who showed, that after doses of 7 
grams and over of sodium sahcylate administered to 13 subjects on a 
purin-free dietary and suffenng with different disease conditions, there 
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was a definite increase in unc aad excretion in unne with a simulta- 
neous decrease in the uric and content of the blood From this it was 
concluded that sahcvlate lowered the threshold of the kidney for unc 
and, and this increase in renal permeability was thought to hold not 
only for uric acid but also for other waste products including tfic sup- 
posed toxms of rheumatic fe\cr However, tlie non-protein nitrogen 
of tlie blood was not always increased dunng the increased output of 
unc and, and doses of 3 3 grams oT the sahcjlate in some cases gave 
negligible changes in the unc aad Nc\erthclcss the results on unc 
aad agreed with those of rolin and Lyman (233) on andiophcn, and, 
hence, the nieclianism of action of the two drugs was thought to be 
identical 

IIowLier, Trank and Pietnilla (239) feel that the last word on the 
subject of unc acid excretion by cmchophen has not been said, and 
thev cntiazc the colonmetnc method used b> Tohn and Lyman (233) 
There is no doubt that the unc aad reagent of Tohn and Denis (235), 
wliidi is also a reagent for phenols, can not dilTcrcntiate between unc 
aad and sahcj’l and probably also the products after onchophen The 
increased ^alues for uric aad, therefore, are due in part to these drugs 
and their products in the unne This has been indicated by un- 
published expenments in this laboratory, but the study has not been 
earned sufriacntl> far enough to show how far the results on unc acid 
excretion m ij require modification How cr er, it seems quite ob^ lous 
that the salicjl, and also andiophen, of tlie unne should be rcmo\ed 
before the colonmetnc reagent is applied On the other hand, the 
lower figures for unc aad of the blood reported bj Tohn and Ljman, 
Denis and others are not consistent with an expected increase from the 
salicj 1 of the blood dunng the medication The subject merits further 
stud> with another method Ample confirmation of the difference 
between theunenad content of the blood and unne by the colonmetnc 
method after both salicjd and andiophen, howexer, has been reported 
b) sexcral inxestigaton, 

Confirmation was reported bj Tine and Chace (240), who adminis- 
tered andiophen to patients, while radium bromide gixen intra- 
xcnouslj or bx inhalation of the emanations, did not affect the unc 
aad content of the blood Later on, Tine and Chace (211) shoxxed 
that sodium sahcxlatc m from 3- to 6 gram rlaiK doses and a 2-gram 
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unc aad tv as retarded and the absorbed amounts could not be re- 
covered quantitatively Against uncolysis was the fact that more 
unc acid was evcreted than was injected It was suggested that unc 
acid formation occurred under the stimulus of the injection Accord- 
ing to Graham (251), the source of the mereased unc aad of the unne 
can not be the blood, since the total amount is too small, and the 
evidence that unc aad deposited m the tissues can be redissolv ed is 
too weak Using the colonmetnc method of Fohn and Denis with 
blood and the Folm-Shafler method for unne, A Wolff (252) reported 
recently that intravenous mjcctions of sodium anchophen, in doses of 
from 0 5 to 2 grams used as a 10 per cent solution, did not reduce the 
blood unc aad of 7 starved patients suffering with bronchitis, plumb- 
ism, artcnosclerosis, arthntis, chronic ncphntis and hydronephrosis 
The unc aad of the unne was increased The absence of change m 
blood unc aad, he dunks, argues agamst the tissue mobilization thcorj', 
and whether the increase in unne is due to an action on the kidney or 
nervous system is unsolved As far as the blood uric aad results of 
Wolff arc concerned, the failure to demonstrate a decrease maj be due 
to the use of the colonmetnc reagent reacting with the andiophen, 
or Its products in the blood, thus givmg false values for unc aad 
Rosenfcld (253) conceives of anchophen, glycenne and alcohol acting 
the same w ay on unc aad, that is, by oxidation of exogenous and endog- 
enous punnes, but this seems rather speculative An maeasc in tlie 
output of nucleic aad m the unne of normal indivaduals continuing 
more than three d lys after tlie administration of anchophen is 
reported by' Grabfield and Pratt (254) The increase exceeded the 
endogenous level These observers report that anchophen docs not 
invariably “sweep out” the unc aad from the body of normal in- 
dividuals The oxidation product appeanng in unne after administra- 
tion of anchophen to man, namely, hydroxyphcnylquinolmc car- 
boxylic aad, IS reported by' Rotter (255) to increase tlie elimmation of 
unc aad just like anchophen itself According to Borak (256), 
marked excretion of unc aad takes place also after irradiation of the 
hvtr and spleen by x-rays, and companng tlus with the increases after 
administenng anchojilicn and dnnking large quantities of water, 
he concludes that the mcdianism of the excretion of these agents is 
similar, namely , a washing out of punnes from the tissues However, 
this does not follow from the mere similantv of effects 
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Recently, Goldwasser (257) has observed that the amount of unc 
add changes m surface tension m a 24-hour urine were more or less 
parallel after administration of cmchophen The factor E = (a - 
b) Q/lOO fin which Q represented the volume of urme, a, drops of 
urine and b, drops of water, b}’’ stalagmometer) and the amount of 
uric acid increased simultaneously on the addition of meat to a purine- 
free diet, but after the admimstration of cmchophen, E decreased 
although the unc aad increased Recently, Stem (258) studied the 
comparative solubility of unc aad in sahcylate and anchophen 
The solubility in 1 per cent sodium sahcylate was double that m water, 
and trebled in sodium anchophen The increased solubihty in sah- 
cylate was not due to the formation of sodium urate, since sahcylic aad 
is a stronger acid than uric aad, and, therefore, it was suggested that 
the mcrease was due to some hydrotropic effect In the case of 
cinchophen, the cause of the increased solubihty ivas unknoivn, since 
the dissoaation constant of anchophen is unknown Confirmation 
under controlled conditions (pH, etc ) is desirable before the results 
can be of sigmficance in the prevention of unc acid deposits in urine 
As for urate deposits in tissues, such experiments should at least be 
made uath sodium acid urate in semm under the proper conditions of 
pH, carbon dioxide tension and temperature to be of physiological 
significance 

Sidp/mr An increased excretion of sulphur in the unne, chiefly 
as sulphate (SO4), was observed by Baumann and Herter (259) An 
mcrease amountmg to from 10 to 19 6 per cent above normal was 
reported by Kumagawa (78) This was compensated for by a loss 
durmg the after-penods The normal constant relationship between 
total mtrogen and sulphur became irregular dunng sahcyl medication 
Ethereal sulphates were found to be uninfluenced by Baumann and 
Herter (259), Moreigne (260) and Singer (213) Moreigne found the 
total sulphur, urochrome and phosphates increased Wiley (168) 
found the relative percentages of ethereal and inorganic sulphates 
to be unaffected, only the relative proportions of neutral sulphur 
appeared to be mcreased Combinations of sahcyl with ethereal 
sulphates were mentioned m the fore-part of this section in conjunction 
with other sahcyl products in urine 

Glycosuria and glycuromc acid In connection vdth the discussion 
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of general excretion, it i\as indicated that at least three of the older 
reporters claimed reduction of rehling’s solution bj sahcyl urines 
More recently, Kramer (261) reports that Trommer’s test was positiie 
with unnes of a large number of indmduals recemng acctylsahc)lic 
aad However, reduction of rehlmg’s solution is denied bj Holmes 
(167), who contends that the absence of the sugar reaction is proof 
against the occurrence of glvcuronic aad No salicjl glycuronic 
compound was found with color tests The fermentation test might 
not be satisfactory in the solution of the question owing to the possi- 
bility of some antiseptic action of saliQ'l unnes, cspcaally the highly 
concentrated ones after full therapeutic doses of the drug 
RcacUon of unite The aadity of unne is increased dunng salicjdate 
medication according to Moreigne (260), Schreuder (262) and Jordan 
(56) No eflcct on the reaction was observed by Wiley (168) 
Respiratory metahohsm Singer (213) claimed an increase in the 
OX) gen consumption of rabbits after toxic doses of acet)lsalic>lic acid 
However, Denis and Cleans (201) observed no changes in the respira- 
tor) quotient of 2 normal individuals and 1 septic patient receiving 
doses of sodium salicydate up to 6 6 grams The spirometer t)i>e of 
apparatus was used under controlled conditions of dietaiy', etc 

Aiilolysts 

Hus was observ'cd b) Lacquer (263) to be increased in muscles with 
weaker solutions of sodium sahc)Iatc (01 per cent), inhibited by 
stronger solutions (1 per cent) Dogs poisoned with large doses of 
sodium sahc)Iatc exlubitcd no increase in soluble nitrogen in fresh 
orgiiib (liver and muscle), and there was no spcanl rapid autol)sis 
of these organs 

Blood 

Reaction and acidosis Tlie s)'mptoms of salicvhsm liave been 
attributed bv some to acidosis VIso the administration of bmr- 
bon.ite, whicli is comraonl) given with sahcvlite, has been justilied 
on tlus basis, i e , to prevent tlic ocairrence of acidosis However, 
It 15 hardlv conceivable tint the true reaction f h) drogen ion concen- 
tration) of the blood could be sufncientlv altered b) sahcyl ite so as to 
oausc real nadit), and the results of old and recent observations con- 
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firm this opinion As early as 1883, H H Meyer (264) showed that 
sodium sahcylate could inhibit oxidation but it did not mfluence the 
alkalinity of the blood Walter (265) claimed that death in fatal 
poisonmg from salicylates does not result from the production of acid- 
ity, smce the blood of animals so poisoned contained msuffiaent (only 
112 per cent by volume) carbon dioxide 
Using the colorimetric-dialysis method of Levy, Rowntree and 
Marriott (266) for pH, and the colonmetric-dialysis-aeration method 
of Marriott (267) for alkali reserve, of the venous blood of seven 
rheumatic and non-rheumatic individuals receiving full therapeutic 
doses of sodium sahcylate to the pomt of sahcyhsm, Scott, Thobum 
and Hanzhk (122) found no noteworthy changes in the reaction and 
reserve alkalinity of the blood at “toxiaty ’’ The same was found to 
be true of 2 dogs and 2 cats treated with correspondmg and larger 
doses of the sahcylate Moreover, the administration of approxi- 
mately equal doses of bicarbonate and salicylate to 6 convalescents by 
Hanzhk, Scott and Thobum (162) and Hanzhk, Scott and Reycraft 
(163) did not alter the “toxic” dose or prevent the symptoms of sah- 
cylism This disproves the claim of Lees (268) that the administra- 
tion of bicarbonate vuth sahcylate modifies and prevents the symptoms 
of sahcyhsm, and even convulsions It is also against the claim of 
Delore (269) that bicarbonate prevents the side actions of sahcylate 
As far as systemic effects are concerned, Meara (270) is probably cor- 
rect m his behef that the use of alkahes together with sahcylates 
has been dictated more by tradition than by any rationale 

Sahcyl and enol actds It is interestmg to note, however, that salicyl 
causes considerable acceleration of respiration with symptoms of air 
hunger just like certam enol aads occurrmg in diabetic aadosis A 
state of ketosis appears to have occurred in each of 3 cases of poisoning 
from methyl salicylate reported by Rosenbloom (271), H B Myers 
(272) and Wetzel and Nourse (273) In all these cases there v as some 
resemblance to diabetic coma and all 3 urines contamed acetone, and 
1 urine, diacetic aad Moreover, Hurtley and Trevan (274) have 
reported that the subcutaneous and intravenous injections of sodium 
sahcylate, ethyl acetoacetate, sodium acetoacetate and acetyl acetone 
in ?iTn'm?ik caused the phenomena of diabetic coma None of these 
compounds caused changes in the pH of the blood, but all caused air 
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hunger and coma uith increased pulse rate and final respiratory failure 
The results agreed with the hjTiothcsis that the phenomena of diabetic 
coma are due to poisoning by aceto-acetic aad m the form of salts 
and not to true acidosis The enolic group, — C OH = CH— , uhich 
occurs in one form of ethyl acetoacctate and gi\ es a color reaction wth 
iron, IS claimed to be 18 times as active as ^-oiybutjTic aad Bear- 
ing in inmd that sahcjl also giics a color reaction ivith iron and mark- 
edly accelerates respiration, there may be possibilities in this inter- 
esting physiological conception in erplaming certain features not only 
of the actions of sahcj 1 but also of respiration itself 
Erythrocytes The direct appheaUon of saheyhe aad to red blood 
corpuscles tends to cause dismtegration Cotton (275) observed that 
a 3 per cent solution caused them to become globular and the hemoglo- 
bin was decomposed with the formation of hematm Thiersch (276) 
noted that the central portion of the corpuscles became transparent 
and enclosed by a peripheral rone of j-ellow that broke up mto seg- 
ments which floated in the plasma Swelling and discoloration of 
frog erythrocytes was obsen'cd by Prudden (277) with solutions of 
1 1000 salicylic aad, and dccolonzation with destruction by solutions 
of 1 500 Human erythrocytes swelled and decolorized with concen- 
tiations of from 1 4000 to 1 1000, and became markedly degenerated 
' ith 1 500 After mtemal administration of salicylates, Marrot 
(203) saw a diminution in number of red blood-corpuscles On tlic 
other hand, a slight increase in the number of both white and red 
corpuscles was observ cd in the metabolism experiments of Wiley (168) 
Leukocytes With dilute solutions of salicy'hc aad, Binz (27S) ob- 
served a paraly'tic action on white blood-corpuscles, similar to that 
prwluced by quimne, and death with concentrated solutions Cotton 
(275) found that a 1 percent solution of salicylic aad caused tlie central 
portion of Icukocvtcs to become transparent, and gave them a double 
Contour Pncleaux (54) observed the movements of leukocytes to be 
depressed bv salicylic acid, but the red corpuscles remained un- 
atTccted Prudden (277) obtained results as follows with the leuko 
cvms of frogs, rabbits and man With frogs, 1 4000 of saheyhe aad in 
0 5 per cent sodium clilonde solution dicckcd tlic emigration of Icul o- 
cy tes m the bladder and mesentery without alteration of the caliber 
of the vessels, tlie structure of the cells remained uiinfTcctcd, but 
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Salicyl salicylate is practically tasteless, and methyl salicylate has the 
burning, disagreeable taste of volatile oils. The hberation of free 
salicylic acid from the esters in the alimentary tract has been discussed 
in the section on absorption, and other aspects of local action have been 
pointed out in the section on local action and irntation. 

Cinchophen, being an add, also causes local irritation and consider- 
able gastric distress, but not so neocinchophen, which is an ester and 
less soluble Gastric irritation and anorexia from cinchophen were 
observed by Heller (290) and this was fully confirmed by Hanzlik, 
Scott, Weidenthal and Fetterman (291) in a study of 17 human sub- 
jects receiving variable doses of the drug These symptoms were 
generally absent after large doses of dnchophen in 10 other subjects 
Absence of gastric distress after doses up to 16 grams of neodnchophen 
was reported by Barbour, Lozinsky and Clements (292), a similar 
claim being made also by Chace, Myers and Kilh'an (293). However, 
Miller and Boots (294) observed quite as much abdominal distress 
after neocinchophen as after salicylates In a later study, Miller and 
Boots (295) reported that these symptoms were milder in degree 
after the admim'stration of the ethyl ester of cinchophen, which differs 
chemically from neocinchophen by the absence of the methyl group 

Emehc action This occurs with all the salicyl and cinchophen 
compounds providing sufficient dosage is adnumstered The cause is 
unquestionably central with sahcyl, and presumably also with ancho- 
phen In 1879, Blanchier (97) observed that sodium sahcylate caused 
vomiting whether given gastrically or intravenously In his study of 
the toxic and fatal doses of different salicyl compounds, Waddell (296) 
found animals to vomit quite as readily ’after Intravenous as after oral 
administrations, and the salicyl was not found in the vomitus after 
hypodermic administration. But it remained for Eggleston and 
Hatcher (297) to demonstrate conclusively that the seat of the emetic 
action is central This was done on three eviscerated dogs which 
responded to doses of 0 2 and 0 3 gram of sodium salicylate intra- 
venously mth nausea m 1| mmutes and with vomiting movements m 
from 4§^ to 10 mmutes after injection. Oral admimstration resulted 
in delayed vomitmg and the dosage required was three times that 
intravenously, or, in other words, emesis did not occur from the local 
action, but only after adequate absorption and systemic action of the 
drug 
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That the vanous denvativcs (esters, etc ) of sahcyl and anchophen 
cause nausea and emesis m human subjects is readily seen from the 
reports of the following investigators Hanzlih (298), Hanzlik, Scott 
and Thobum (162) and Hanzlik, Scott and Reycraft (163) on sodium 
sahcylate, Hanzhk and Prcsho (21, 23, 24) on acetylsahcylic aad, 
sahcyl sahcylate and methyl sahcylate, Hanzlik, Scott, Weidenthal 
and rettcrman (291), Miller and Boots (294, 295), Chace, hlyers and 
Kilhan (293), and Heller (290) on anchophen, neoanchophen and the 
ethyl ester of anchophen Barbour and Lozinsky (299) did not ob- 
serve emesis with the highest doses of neoanchophen in dogs, while 
doses of 0 5 gram of anchophen and of 0 1 and 0 2 gram of acetylsabcjhc 
aad caused emesis Nausea and vomiting arc also among the symp- 
toms of poisomng reported by several to be discussed later in the sec- 
tion on toxiaty From the fact that the sahcyl denvatnes arculate 
through the tissues unchanged to a considerable extent (discussed m 
the section on excretion), it is indicated that they were mainly responsi- 
ble for the nausea and emesis which occurred in the same subjects 
As far as salicyd sahcylate ("salysal,” “cbplosal”) is concerned, this is 
contrary to the claim of Minkowski (300), and hberation of salicylic 
aad does not occur in the stomach as daimcd by Tocco-Tocco (301) 
and proi ed by the w ork of Hanzhk and Presho (23) 

Sccrciwiis The secretions of the accessory glands of the abmentary 
canal arc increased at first, later diminished, according to Blanchier 
(97), who investigated this in dogs In 4 to 5 minutes after intra- 
t enous injection of about 0 3 gram per kilo of the sodium sahcylate, 
the increase in sabin became noticeable, which gradually increased 
up to 5 times above normal and continued for some time After m- 
creasing the dosage, the secretion stopped almost entirely The same 
sequence of phenomena was noted with bile Pancreatic juice re- 
miincd practically unaffected Blancliier regarded tlic hypersecre- 
tion of sabiu as due to a central action on secretory nerves, and the 
inhibiting action as due to a local action on the glandular elements in 
part, and partly to a paralyaring action on the nervous system Hy- 
persecretion of bile and salivu were aFo noted after gastric administra- 
tion, although occumng somewhat later In Wiley 's subjects (168) 
there was a diminution of the total quantity and the water content 
of the feces Ihere was no tendency to produce dianhea The 
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dosage ranged from 0 2 to 2 grams per day, and about 30 grams were 
admmistered m thirty days A marked mcrease in gastnc secretion 
has been observed by Leichentntt (302) after administration of 
sodium saKcylate, acetylsahcyhc acid and salol to dogs with duodenal 
fistulae and on a diet of flesh and milk The control secretion was 
from 296 to 365 cc , after acetylsahcyhc acid, 420 to 457 cc The 
action resembled that of arsenic compounds 
Cholagogue action The reports on this are contradictory, diametri- 
cally opposite results being reported with the same experimental 
methods This is not surprising, since the operative procedures 
commonly employed in experiments for the purpose are apt to disturb 
the functions of the hver and the bfliary passages, and this seems to be 
true of both acute and chronic expenments The older investigators 
generally recorded increases m the secretion of bile after sahcyl 
Blanchier (97), Stadelmann (303) and Mandelstamm (304) found 
increases in dogs after sodium salicylate, and Pfaff and Balch (305), 
after salol Urobihn in urine after sahcylate was reported by Domini- 
kicTOcz (306) Petrowa (307) demonstrated, in dogs with gall-bladder 
and gastric fistulae and hgated ductus choledochus, that sodium sah- 
cylate increased the secretion of bile, and this was generally true of 
those compounds that are conjugated with ethereal sulphates On 
the other hand, Smyth and Whipple (308) claim no effect from sodium 
salicylate, in therapeutic doses, on the excretion of bile salts in dogs 
with permanent bfliary fistulae Negative results also have been 
reported recently by Stransky (309) after doses of 0 1 and 0 2 gram 
sodium sahcylate mtravenously and intraduodenally in rabbits 
These were acute experiments in which the cystic duct was ligated, 
and the bile and its sohds measured after collection from a cannula 
in the ductus choledochus Stransky states that his negative results 
agreed with those of Pohl and of Brugsch and Horsters on dogs with 
fistulae In guinea pigs receiving methyl sahcylate orally and hypo- 
dermically, Leone (310) observed a marked increase in the total amount 
of bile secreted, but the percentage of dry matter and ash was de- 
creased The \dscosity and surface tension of the bile were diminished, 
while the osmotic pressure and electncal conductivity were mcreased, 
all of these changes being directly proportional to the amount of the 
ester admmistered With the larger doses by mouth, the ester was 
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excreted into the bile In another senes of expenments ivith guinea 
pigs on a constant diet, Leone (311) confirmed that hx-podermic injec- 
tion of methyl salicjdate increased the amount of bile secreted, but the 
total sohd residue was also increased '\pparentl\ the increase in 
secretion Mas out of proportion after doses of 1 gram as compared 
Math doses of 0 25 gram 

The results with anchophen are no more satisfactorj than those 
with sahcyl In their studies with gall bladder fistulac, Brugsdi 
and Horsters (312) found that intraxcnous, intramuscular and oral 
administrations of sodium anchophen in doses of from 0 8 to 3 grams 
caused mcrcases in secretion of bile from 8 to 864 per cent The total 
quantity, sohds, aads and pigment of 24-hour collections of bile were 
all increased, likemse the viscosity and surface tension quotients 
The xascositj' quotient for normal bile was between 2 4 and 11, and 
administration of andiophen changed this to 16, 20 and 39 The 
alhalimty of some biles was increased, that is, the pH determined 
cleclrometncally increased from 7 4 to 7 98 before, to 8 3 after, ancho- 
plicn A considerable increase in secretion of bile ivas produced in 
atropinircd dogs, and tlicreforc the augmentor action of andiophen 
was not concerned with the autonomic nerrous s^’stem It was 
thought to be due to direct stimulation of the h\ er cell Since quinine, 
optochin and carbohydrates also possessed a diolagogue action, there 
was nothing peculiar to or spealic about andiophen Further con- 
firmation of the action of anchophen is reported by Horsters (313), who 
attnbutes it to an effect on the liver cells and attempts to rcconalc it 
with the increase in unc aad excretion produced b> the drug How- 
t\tr, Stransky (308) reports he was unable to confirm the work of 
Bnigsch and Horsters Using doses of from 0 05 to 0 2 gram of sodium 
andiophen in 5 per cent concentration mtraxenouslj and intraduode- 
nallj in urethanired and unancsthetizcd rabbits, the secretion of bile 
was undiangcd or diminished Ether extraction of the aadified bilt 
failed to rex eal the presence of anchophen in the secretion 
Chmcallj, intraxcnous and intramuscular inj'cctions of andiophen 
m health) subjects and patients watli catarrhal jaundice are reported 
b) Grunenberg and Ullinann (313) to hax c caused increases in the bile 
(ash and pigment) of duodena! contents and in the bilirubin content of 
serum Unfortuiiatclx , the dosage is not stated, and m some cases 
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proprietary products were used one of which was a mixture of salicylate 
and cinchophen. Using the same method, i e , the duodenal tube in 
patients, Teschenberg and Hoffmann (314) claim confirmation of the 
stimulating action of cinchophen on bile, magnesium sulphate, oil of 
peppermint and sodium glycocholate acted similarly Slobosiano 
and Herscovici (315) report that daily doses of 0 1 gram of cmchophen 
together with 2 grams of sugar by mouth reduced the bilirubin content 
of the blood of 6 jaundiced infants, but taken without sugar the drug 
was vomited and no change in the blood was observed The drug 
was also not retained when given in 0 1 gram doses twice daily per 
rectum 

Sahcyl as a test of liver function The use of sahcyl for this puipose 
is uncntical, for the Hver is not the sole organ in which transformation 
or destruction of sahcyl may take place In dogs with hepatic de- 
generation from phosphorus, Hanzhk and Wetzel (26) found the 
urinary excretion of salicyl to be quite as prompt and as good as in 
normal control dogs, and hashed hver caused no more destruction of 
salicy^l than other organs Therefore, these results did not support 
the statement of Dixon (317) that salicyl is chermcally changed by the 
liver 

Moreover, the clinical reports on the use of sahcyl as a test of Uver 
function are distinctly uncritical Roch (318) claims that the normal 
liver transforms 0 04 gram sochum sahcylate taken one hour after 
breakfast, so that none can be found m urine during the next 5 hours, 
while, m hepatic insufficiency, a positive test vnth ferric chloride is 
obtained within this time Roch claims further that salicyl induces 
fonnation of glycuronic acid in the hver, and that he has obtained 
reliable results in 100 patients The claim as to glycuronic add is 
unsupported by evidence, and as for the test of liver function, which 
depends on urinary excretion of sahcyl, this is uncritical without 
quantitative estimation, and consideration of diuresis and factors 
influencmg absorption, destruction, etc Herissey, Fiessinger and 
Debray (319) daim that 0 2 gram sodium salicylate gives in normal 
subj'ects a urinary reaction with iron lastmg about 6 hours, but, m 
cases of drrhosis, the reaction is not so well marked This is attnb- 
uted by these authors to mechanical conditions resulting from portal 
stasis, etc , but, of course, under these conditions the intestinal absorp- 
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lion i\oulcI bt impaired and c\cretion dimmishtd ^\lthout estima- 
tions under controlled conditions, the test Mould ha\e no menmng 
an\naj 

Ciuchophcu and salm! on exased tnteshne \ccording to Stnrken- 
stein (320), direct application of sodium anchoplien to segments of 
rabbit intestine causes depression and piraljsis With evased loops 
of rabbit and guinea-pig intestine, used according to the Irendekn- 
burg method, Starkenstein (321) found sodium anchoplien (0 4 ce , 
10 per cent) and “Icukotropm’ (0 3 cc , 10 per cent of a mixture con- 



lii 3 Si sMTuiTios or Iwnnrf. IsTCsTiML Mincer TO PnociKrivE (1 'OOOOi b\ 
SiLiciuc Aciu (1 2 1,000) 

taming 0 5 gram cinchophcn and 1 5 grams hexametlnlcnt iminc in 
cc.) lo ciust m immcdi ite, llceting iml modcratt btimulition fol- 
lowed In depression and jiiriljsis of the-e organs Using the same 
nnxture containing cinchophen, Ullm urn (2k3) elainis the tepical 
ciiect on excised sigments ot gmnei jiig mtestiiie is piriseanpathetic 
stimul Uion eh iractenred b> increased loiius ind jienstalsi' and iii- 
' tgunisni In itrojiine 1 hose results art supposed lo haxe a rel ition 
ship tedtlie leiikopenii after iintlinphtn nhith is is^unitd to be a 
>gus dioel ’ 
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In concentrations of from 1.800 to 1 160, sodium salicylate was 
found by Alvarez (322) to cause imtial stimulation followed sometimes 
by depression of excised stnps of different portions of rabbit intestine 
There was also a tendency to reverse the gradient, which seemed to 
agree with the tendenc}’’ of the drug to upset the stomach 

Sensitization of excised intestine by salicylic acid An interesting 
sensitization of rabbit intestine by sahcyhc acid to pilocarpine and 
banum has been demonstrated by Thienes (323) No effects resulted 
from the direct application of concentrations of from 1 50,000 to 
1 25,000 of saliq''hc acid, but on the addition of sahcjdic acid either 
dunng or preceding the actions of pilocarpine and barium, the responses 
to the latter drugs were increased 50 per cent Figure 3 illustrates a 
sensitization to pilocarpine Sodium salicylate, in concentrations of 
from 1 . 30,000 to 1 . 10,000, caused no alterations in the drug responses 
The mcreased response of the intestine to pilocarpine and barium 
caused by the sahcyhc acid was probably a cell surface eflect in virtue 
of the hpoid solubihty of the sahcyhc acid, the sodium salicylate 
giving negative results because it is not hpoid soluble This sensitiz- 
ing action is not pecuhar to salicylic acid, but occurs vith a variety of 
agents capable of changing the environment of cells and their surfaces, 
and therefore their functional state and response to stimuh The 
result is of interest in connection with the fundamental aspects of 
allergic phenomena, but should not be transferred directly to explain 
the pecuhar idiosyncrasies toriard acetylsalicyhc acid occurnng in 
man 

Kidney 

The kidney is affected by both sahcjd and cinchophen in therapeutic 
and toxic doses This is indicated by the increased penneability to 
uric aad and possibly other metabolites discussed m the section on 
metabolism, by the changes in unne output, morphology and func- 
tional effiaency and by albuimnuria 

Diuiesis According to the reports of Blanchier and Bochefontaine 
(324), Carrieu (325), Blanchier (97), Marrot (203), Huber (326), 
Chopm (327), Siegert (206), Bardier and Frenkel (328), and Schreuder 
(262) diuresis is moderately increased in human subjects and animals 
recenung small and moderate doses of sodium salicylate Huber’s 
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results on human individuals agreed with tliose on rabbits vnth 
ureteral catheterization Dunng penods of increased diuresis after 
0 03 to 006 gram per kilo in dogs, Bardier and Trenkel observed an 
increase in kidney volume due to vasodilation, and this was followed 
by vasoconstnction with diminution m flow of unne Jloreigne 
(260) reported a diminution in diuresis Wiley (168) observed prac- 
tically no change in the volume of unne dunng 24-hour penods after 
administration of 0 2 to 2 grams per day (average 1 gram) for 30 doja 
In the aftcr-penods there was a decrease Cornet (154) found salol 
to have no mfluence on diuresis 

On the other hand, full therapeutic doses of sodium salicylate dimm- 
ish the diuresis in rheumatic and non-rheumatic individuals This w as 
definitely demonstrated in 13 non-rhcumatic and convalescent and 
five rheumatic individuals by Scott and Hanzlik (329) and Hanzlik, 
Scott and Reycraft (163) All the subjects were on a constant water 
intake and the unne was collected m 10-hour periods The total 
dosage of sahcylatc ranged from 9 4 to 22 4 grams administered in 1 
gram doses hourly until symptoms of sahcjhsm supervened The 
diminution in unne output varied considerably Some of the subjects 
showed a temporary increase in diuresis at the time of symptoms of 
salicyhsm, but the predominant effect m the majority was a diminution 
in diuresis The latter was due in part to diaphoresis, and in part to 
duninution in renal functional efiiaency The sweating was cs- 
pcaallj pronounced in rheumatic indivaduals The diminution in 
renal function was demonstrated in the non-rheumatic individuals 
whose body weight increased unless modified by diaphoresis The 
greatest diminution in diuresis was demonstrable at the end of about 
30 hours after administration of the salicylate and lasted till tlie end of 
about 00 to 70 hours, i c , practicallj till tJic completion of the salicyl 
excretion The diminution in renal functional efiiaency was indi- 
cated b> an increase in urea of the blood, a decrease in excretion of 
phcnolsulphonephthalein, and bv nlbuminuna occumng simultane- 
ousU vnUi the decrease in unne output A summarj of the results 
on diuresis and related phenomena after administration of full thera- 
peutic doses of sodium sahcvlate to human subjects is presented m 
figure! 

In a preliminary rejiort, Gcorgiewskj' (330) stated that daily doses 
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of 0 5 gram of cinchophen for ten days increased the diuresis in human 
subjects normal animals, Starkenstein (331) observed that dncho- 
phen did not increase the diuresis, but it increased the diuresis of epi- 
nephrine glycosuna It merely accentuated an estabhshed diuresis 
Albummtiita The older clinicians generally reported the presence 
of albumin in unne after the administration of sahcyl, but because 
of the confusion in the methods of testing for albumm, and the origin 
of the albuimnuria, that is, whether febrile or renal, the question 
remained unsettled The results of recent studies leave no doubt 



Fig 4 Diminished RE^AL Fu^c^ONAE Efficiency and Ditoesis, and Marked 
AEBDM iNimiA Produced by Fuee Therapeutic Doses of Sodium Salicyeate in 

Human Subjects 

PSP, means phenolsulphonephthalein, Alb , albumm m unne, Urea~N , urea 
nitrogen and N P N , non-protem nitrogen, milligrams in 100 cc of blood, B S , before 
sahcyl and A F , at toxicity (symptoms of sahcylism) The figures m parenthesis denote 
number of mdividuals 


that both salicyl and cinchophen cause albuminuna, and that it is of 
renal ongin at least as far as salicyl is concerned In adults, it appears 
that albuminuria is not demonstrable until about 3 grams of these 
drugs have been taken 

Among the first to report albuminuna after sahcyl was Owen (332), 
who observ'ed a temporary albuminuria in 78 per cent of his cases, 
and mere traces in 52 per cent, after sahcyhc add and sodium sahcylate 
After therapeutic doses of sodium sahcylate, v Ackeren (333) observed 
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albumin, blood and casts in the unne of patients, and produced 
hemorrhagic nephntis in rabbits by the administration of salicylic 
aad From an examination of the urines of 33 patients Mith different 
clinical conditions, Luthje (334) found that the majontj of the 
patients (febrile) showed the presence of albumin, hjahne, granular 
and cpithehal casts, leukocytes and cybndroids The unnes were 
also examined before sahejdate administration, and the dose gi\ on m as 
usually 5 grams A return to prewous or normal condition occurred 
in from two to three weeks after the stoppage of the drug LUthje 
asenbed these findings to a nephntis Practically the same was ob- 
sened bj Kleinberger and Oxenius (33S) in a large senes of cases 
The dose of the sodium salicylate ranged from 3 to 7 grams per day 
Knecht, (336) however, differed witli Liltlijc as to the renal ongin of 
the albumin He also found traces of albumin and occasional cj'liii- 
ders, but irregularly, and after doses of 0 3 gram m three or more doses 
these unnary changes did not occur Brugsch (337) reported that 
when sodium sahc>latc was gixen in dmded doses, i e , 05 gram per 
dose until S grams were given per day, no renal irntation occurred 
On the other hand, single doses of 5 grams each led to renal imtation 
m about 5 per cent of the cases In Wiley’s subjects (168) there was 
a general tendency to increased presence of casts and white blood- 
coipuscles, albumin excretion was unaffected The data were few 
and incomplete Examinations of unnes from more than 100 patients, 
and from experiments on dogs and rabbits, led Ehrmann (158) to 
conclude that m only a few instances did albumin occur 1110 same 
was true in acute and chronic nephntis, but once an individual showed 
the presence of albumin in unne, tins could be produced again bv 
sahcvl After doses of 0 05 to 0 2 gram per kilo of acetylsahahc aad, 
Chistoni and Lapresa (141) noted the presence of small quantities of 
albumin, easts and white corpuscles m the unne hf imlock (338) 
denied tlie presence of albumin in different clinical conditions In a 
Etatistical studv bj Hanrlik (298) of clinical cases w itli different disease 
conditions, and which received “toxic doles’’ of soelium salicj'Iate, 
albuminun i appeared to be more common m the fcbnle than in afebnlc 
conditions Hence it was thought to be of febrile ongm 
However, this deduction was not sustained in later studies on nnr- 
nud and diseased indivaduals bj Scott and Hanrlik (329), Ilaiirhk 
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Scott and Thobum (339) and Hanzlik, Scott and Reycraft (163). 
These studies were carried out as quantitatively as possible Full 
therapeutic doses of sodium salicylate were admimstered, and a con- 
stant water intake was mamtained throughout The urine was 
examined qualitatively by the heat and acetic add and ferrocyanide 
tests, and quantitatively by the gravimetric method of Fohn and Denis 
(340) for the presence of albumin, and microscopically for leukocytes, 
casts, etc , before and after administration of the drug The results 
are illustrated in figure 4 and may be bnefly summarized as follows. 
The administration of sodium salicylate in full therapeutic doses in- 
variably caused the appearance of albumin, white blood-corpuscles 
and granular casts or cast-hke bodies in the urines of normal, rheu- 
matic, convalescent, febrile and afebnle individuals The albuminuria, 
therefore, was not of febrile origin It was due directly to the drug, 
and a pre-existing albuminuria was aggravated Quantitatively, the 
albuminuria reached its maximum at the time of symptoms of sahcyl- 
ism, then it gradually diminished and eventually disappeared, a trace of 
albumin persisting in those individuals who showed a trace of albumin 
before the admimstration of sahcyl These results agreed with those 
of Hanzlik and Karsner (341) on animals receiving corresponding doses 
of salicylate Simultaneously, there were histological changes in the 
kidneys of the animals indicating nephntis, and a diminution in renal 
functional efficiency in both the animals and human subjects of these 
studies leaving no doubt that salicyl albuminuria is of renal origin. 
Rocco (161) found that 0 1 to 0 3 gram of sah'cyl sahcylate per kilo of 
animal (dog and rabbit) caused the appearance of renal cells, leuko- 
cytes and albumin in urine 

As far as cinchophen is concerned, Hanzhk, Scott, Weidenthal and 
Fetterman (291) found this drug in full therapeutic doses to cause 
albuminuna and sometimes the appearance of casts and white blood 
corpuscles in the urine of the maj’ority of seven individuals that were 
observed The total dosage of cinchophen ranged from 4 to 19 grams 
Doses of from 5 to 26 grams of neodnchophen gave vanable results 
though albuminuria occurred in about one-half of the nine individuals 
that were observed Albummuna was claimed to be generally absent 
after small and large doses (up to 16 grams) of neoanchophen m a senes 
of over 19 rheumatic and other patients reported by Barbour, Lozinsky 
and Clements (292). 
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Bicarbonate on saltcyl alburntnuna Glacsgen (342) claimed that, 
m human subjects, the administration of from 6 to 10 gram dail> doses 
of sodium bicarbonate caused albummuna to disappear after 3 to 6 
gram doses of acetylsahcj'lic aad and the therapeutic effects nerc not 
lessened Frey (343) claimed that large doses of sahcj'late in rabbits 
and dogs led to albummuna, when the unne nas rendered aad (by 
adnumstenng hydrochlonc aad), and that albumin nas absent in 
unne rendered alkalme by the administration of sodium acetate On 
the other hand, Ehrmann (158) claimed that alkahnity had no influ- 
ence on tlie eicretion of albumin when albummuna occurred, but he 
was not convinced that sahcyl always caused albummuna The 
question was defimtely settled m the negative by the obscn-ations of 
Hanrhk, Scott and Thobum (339) and Hanzhk, Scott and Rey- 
aaft (163) on 7 human subjects receiving full therapeutic doses of 
sodium salicylate together with equal doses of sodium bicarbonate up 
to a total of 16 grams There was no demonstrable influence on the 
albummuna and the dirmnution in renal functional effiaency produced 
by the sahcyl despite the high degree of unnary alkalinity persisting 
throughout. 

Renal functional efficiency There is no doubt that sahcyl and an- 
chophen increase the pcrmeabihty of the kidney to unc aad, and 
jiossibly to urea, creatinine and chlonde, thougli there is considerable 
uncertamty about the latter constituents of the blood It appears 
that the unc aad effect is not obtained with doses of less than 3 grams 
of sodium salicylate With medium and full therapeutic doses, an 
occasional indiiadual responds with an increase in excretion of water 
(unne output) The cause of this increase is not known, it ma> be 
only a salt effect Howeacr, in the roajonty of human indiaaduals 
and in animals receiving full therapeutic doses of sahcyl, the net result 
IS a diminution in renal functional cfiiaency' as mdicatcd by the con- 
siderable reduction in diuresis disaisscd above, by a definite diminu- 
tion in the excretion of phenolsulphoncphthalcin and by an increase in 
the urea nitrogen of the blood This was shown in the studies of 
Ilanrhk, Scott and J hobum (339) and Hanzlik, Scott and Rej craft 
(163) on human subjects and of Hanrlik and Karsner (341) on aniinaK 
A summan of the results on human subjects is presented in the form 
of Curves m figure 4, and shows quite plainly that dunng the decrease 
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in excretion of urine and phenolsulphonephthalein there was simultan- 
eously an accumulation of urea m the blood The non-protem nitrogen 
of the blood of the nme subjects studied was diminished somewhat dur- 
ing the increase in urea It may be that the increase m the escape of 
the uric acid fraction of this nitrogenous portion was responsible for the 
change. However, in animals, the non-protem nitrogen and urea of the 
blood were both definitely increased The unc aad was not estimated 
in any of these expenments The changes in blood urea and in the 
excretion of phenolsulphonephthalem and water were demonstrable 
at the time symptoms of sahcyhsm appeared, reached their maximum 
at the end of about 29 to 30 hours, and returned to their previous level 
at the end of about 60 to 70 hours after administration of the salicyl- 
ate Albuminuria was present simultaneously with aU these changes 
in both the animals and human subjects In the animals there were, 
in addition, definite indications of nephntis histologically, leavmg, 
therefore, no doubt of renal injury from the salicyl 

Cinchophen, in full therapeutic doses, was found by Hanzhk, Scott, 
Weidenthal and Fetterman (291) to cause a definite chrmnution in the 
excretion of phenolsulphonephthalem together with albuminuria and 
other changes in the five human subjects that were stuched Neocin- 
chophen, in full therapeutic doses, was more variable, causing a diminu- 
tion in the excretion of phenolsulphonephthalem in about one-hah 
of the 9 subjects that were observed, and who showed albummuna 
at the same time On the whole, the injury to renal function uas 
somewhat less after cinchophen and still less pronounced after neo- 
cinchophen than after sochum salicylate in corresponding doses In 
8 patients receiving orchnary doses of cmchophen, Eisner (344) found 
the excretion of sochum chlonde and total nitrogen decreased, both 
constituents returning to normal on withdrawal of the drug In 
several cases there was later a compensatory mcrease in these urinary 
constituents The unc aad in urine was always increased An 
analogy between the action of cmchophen and calcium on renal func- 
tion could not be established 

Nephritis. This has been demonstrated with salicyl in both animals 
and man No studies with cinchophen have been reported The 
occurrence of albuminuna, casts and sometunes hematuria, and the 
diminution in renal functional effia’ency discussed above, suggest a 
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ckfimte nephritis after salici’l Ilowcier, few human subjects rcccu- 
ing salicjl m therapeutic doses come to autopsj and, therefore, histo- 
logical studies of human kidntjs are practically non caastent About 
the onij reports on the human kidnej are those of ^ inci (345) and et- 
/el and Nourse (273), the remaining three reports deal mth anim d 
kidiic} s 

Vinci (345) obsened a loiac parendn m itous nephritis at necropsi 
of i man 45 jears of age, who died 31 hours liter the ingestion of 35 
grams of sodium salic\late There was marked congestion of all the 
renal aesscis, particularlj in the glomerular tuft, albuminous preapi 
talc in the subscapular space, interstitial hemorrhage, cloudy swelling 
and eatensia e necrosis of the tubular cjnthelium, most marked m tbc 
cortex, but as the necrojisx was performed 2 d lys after death, and as 
the kidnevs sent to X'lnci were imperfccllj preserxed in alcohol, little 
importance can be attached to the histological clianges Latierimcnl- 
ing with dogs, guinea pigs and rabbits he found that massive single 
doses, and frequentlj repeated large do=es, led essentiallj to the same 
chinges as he described m the human kidnca For the most part the 
drug was gixen ba mouth, but in a few instances, intraa enouslj and 
siibcutaneouslj lie states that the lesions were most marked in 
dogs, less m guinea pigs, and least in rabbits LUthje (334) gaae 
repeated doses of sodium sahcjlitc to 2 dogs, and both showed 
cvlmdruna, one showing albuminuria The kidncas showed general 
Congestion, interstitial hemorrhage cloudy swelling, fatta degener- 
ation, cast formation and, in the subscapul ir sp ice of the glomerulus, 
a homogeneous coiguhiin Nejihrilis w is ascribed to salicalatc ba 
Oiienstcdt (340) though on insiifl'cicnt grounds Ilin/lik and 
Ixirsncr (341) mide obseraations on the morphologj' and functional 
cfiiiienra of tJu kidneas of dogs cats and i nbbit recciaing dosis of 
sodium salicalite corresjionding to the full therapeutic or so cilled 
’toxu,’’ dosage used in human indiaidiials, i e ibout 0 23 gram pir 
lilo III some cises onh one dose was administered and in other 
cases rejit itcd ilosis, the sahewlate being iisiiilh injcitcd hai>o 
dermiiallj in 10 jier cent concentnition In a few inst inecs tin dnig 
w IS also giaeii ba mouth I he ri'n il cli iiigt s were tlu same as whm 
the dnig was given lij podermicalla Vs ii rule the amni.als wire 
oh iravd for 2 to 3 d las before the la-jx nnicnt was begun, since lliiv 
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in excretion of urine and phenolsulphonephthalein there was simultan- 
eousty an accumulation of urea m the blood The non-protein mtrogen 
of the blood of the nine subjects studied was diminished somewhat dur- 
ing the increase in urea It may be that the increase in the escape of 
the uric add fraction of this mtrogenous portion was responsible for the 
change However, m animals, the non-protein nitrogen and urea of the 
blood were both definitel}^ increased The uric add was not estimated 
in any of these experiments The changes in blood urea and in the 
excretion of phenolsulphonephthalem and water were demonstrable 
at the time sjmaptoms of sahcjlism appeared, reached their maximum 
at the end of about 29 to 30 hours, and returned to their previous level 
at the end of about 60 to 70 hours after administration of the salicyl- 
ate Albummuna was present simultaneously with all these changes 
m both the animals and human subjects In the animals there vere, 
in addition, definite indications of nephritis histologicall}’-, lea\'ing, 
therefore, no doubt of renal injury from the salicyl 

Cinchophen, in full therapeutic doses, was found by Hanzhk, Scott, 
Weidenthal and Fetterman (291) to cause a definite diminution in the 
excretion of phenolsulphonephthalem together with albummuria and 
other changes in the five human subjects that w^ere studied Neocm- 
chophen, in full therapeutic doses, was more variable, causing a diminu- 
tion in the excretion of phenolsulphonephthalem in about one-half 
of the 9 subjects that were obsen^ed, and who showed albummuna 
at the same time On the whole, the injui3’' to renal function was 
somewhat less after anchophen and still less pronounced after neo- 
cinchophen than after sodium salicjlate in corresponding doses In 
8 patients recennng ordinar}'- doses of cinchophen, Eisner (344) found 
the excretion of sodium chloride and total nitrogen decreased, both 
constituents returning to normal on withdrawal of the drug In 
several cases there was later a compensator}’’ increase in these urinary 
constituents The unc add m urine was always increased An 
analogy between the action of cinchophen and caldum on renal func- 
tion could not be estabhshed 

Nephritis This has been demonstrated with salicyl in both animals 
and man. No studies with dnchophen have been reported The 
occurrence of albuminuria, casts and sometimes hematuna, and the 
diminution in renal functional effidenc}' discussed above, suggest a 
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definite nephritis nflcr sahal Ho\%c\cr, fe\\ human subjects rccci\- 
ing salict 1 in thtnpcuf ic doses come to autopsi and tliercfore, histo 
logical studies of human kidne>s are practically iioii-castent About 
the onl> reports on the human kidney are those of \ inci (345) and Wet- 
rel and Noursc (273), the remaining three reports deal mth animal 
kidneas 

\'inci (345) obsened a to-uc parcnchj matous nephritis at necropsi 
ol a man 45 rears ol age, who died 31 hours after the ingestion of 35 
grams of sodium salicylate There was marked congestion of all the 
renal \esseis pirticularlj m the glomerular tuft, albuminous precipi- 
tate m the subscapular spice, interstitial hemorrhage, cloudi swelling 
and extcnsir e necrosis of the tubular epithelium, most marked in the 
cortc\, but as the necropsi was performed 2 dais after death, and as 
the kidncrs sent to \inci were imperfectly presened in alcohol, little 
importance can be attaclied to the histological changes L\-pcnmciil- 
ing with dogs, guinea pigs and rabbits he found that massirc single 
doses, ind frequenth repeated large doses, led essentially to the same 
diangcs is he desenbed in the human kidney For the most part the 
drug was giieii b\ niouUi, but in a few instances, intraaenoush and 
siibeiitaiieoush Ho states that the lesions were most marked in 
dogs, less in guinea pigs, and least in rabbits Liithjc (354) gaac 
repeated doses of sodium salicilate to 2 dogs, and both showed 
cihndruna, one showing nlbummurii The kidneis showed general 
congestion, interstitial hemorrhage, cloueh swelling fatta degener 
ation, e.ist formation and in the siibscapul ir spice of the glomerulus, 
a liomogeticous coaguliim Xephritis w is iscnbed to s dim late In 
Oiieiistcdt (346) though on msufliciciil grounds linn/lik ind 
harsiicr (311) nude obseia itions on the niorphologa and functional 
eft eieiiei of the 1 idneis of dogs citsanel i rihbit reeenang eloses of 
sodium sahmlite corre-'ponding to the full theripcutie or so-called 
‘to\ie,’ dosage Used m human inelniduals le ihemt 0 25 gram per 
Ilk) In some cunts oiili one dose w-is adnimi-lcred and in otlur 
I'lscs repeated doses, the siheahte being iisuilK injected Inpo 
denmcalK in 10 per cent concentration In i few iiistanies the drug 
w IS also gnen b\ mouth 1 he nii il eliaiigi s were the s inie is when 
the drug w is gnen li\])eKleniitealK \s i rule the animals weri 
ohsened lor 2 to a dns before the experiment w is begun, since the\ 
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almost invanabl}’- showed some evidences of albuminuria Studies of 
changes m the albuminuria and fixed elements in urine and m the urea 
and non-protem nitrogen of the blood ivere made at the same time 
Then the animals were kiUed, necropsy performed and kidneys at 
once placed into a fixmg solution Besides the albummuria and 
diminution in renal functional efficienc}’’ which occurred in aU of the 



Fig 5 Section oe Dog Kidney iLEUsTRiYxiNC Tubulyr Nephritis Folloiwng Hypo- 
dermic Injection or Sodium Salicyt,ate (0 3 Gram per Kilo) 

ShoMS slight mvolvement of the glomerular tuft, Mhich, although not enlarged, is 
nchly cellular and dei oid of blood The tubular epithelium shoi\ s cloudy sw elhng and 
the lurmna contam granular albuminous precipitate 

eleven animals studied and were described above, there were definite 
morphological changes m the kidnej’- The renal lesion vaned m 
seventy from simple cloudy swelhng of the epithelium of the proximal 
convoluted tubule to extensive cloudy stvellmg of all the cortical parts 
of the tubules, associated mth an acute intracapiUar)’’ glomeruhtis, 
the latter process being denominated as an acute tubular nephntis 
These changes agree essentially with those of Vinci, but, contrary to 
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his claim, there Mere no matenal differences in the susceptibihtj of 
dogs and cats \ina’s failure to find the more marked glomerular 
lesion Mas probably due to the fact that most of his animals died or 
were killed after only 7 or 8 hours Tiguie 5 illustrates the changes 
in a dog kidney from the experiments of Hanzhk and Karsner The 
recent report of Tocco-Tocco (347) on renal changes from salicyl is in 
essential agreement Math the results just given, the most serious altera- 
tions bemg in the glomeruli, tubules and xaisi On direct treatment 
Mith feme alum these regions gave the most marked color reactions 
for salicj 1, from m hich Tocco-Tocco concludes that the sahc> 1 accumu- 
hles in the regions most markedly affected morphologicall> 

In their case of fatal poisoning in an infant 21 months old Mho 
drank about 10 cc of oil of Mantergreen (methjl salicjdate), Wetzel 
and Nourse (273) found cloudy sMelling and fatty degeneration in tlie 
tubular portion of the renal cortex, but the glomeruli Mere unaffected 
Ihc kidney parendiyma shoMcd a gencrahzed hyperemia and hemor- 
rhages The unne shoMcd a faint trace of albumin and occasional 
hjahne casts 

The only report on anchophon is that of Nicolaierand Dohm (28), 
Mho state that a rooster Mhich had received 44 grams of the drug in 
66 dixaded doses shoMed no histological changes in any of the organs, 
but no details are gix en 

SaUc^l edema 

Systeimc This Mas described by Hanzhk, Scott and Rej craft (163), 
Mho obsened it in 9 human subjects after administration of full 
therapeutic doses of sodium sahcjlate It is characterized bj an 
increase in body Mcight demonstrable about 20 hours after the begin- 
ning of administration of the salicjlate and persists until the sahcjl 
excretion is completed, that is, till the end of about 80 hours, or 3J 
days Simultaneously there ocair a marked diminution in diuresis, 
a diminution in phenolsiilphonephthalcin excretion, an accumulation 
of urea in the blood and albuminuria, all of these elements returning 
to their prenous lex els vith the disappearance of the edema Since 
the diminution in renal functional cffiaency generally mal cs its 
app<arance before an actual increase in body Maght is demonstrable, 
and later coincides Mith it, it seems that the renal factor plays an 
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important role in the production of the edema The retention of 
water occurs mainly in the tissues, since no dilution of the blood is 
demonstrable by hemoglobin estimations Diaphoresis may modify 
the degree of the edema, but it is not modified by the administration 
of bicarbonate together with sahcylate in large doses (up to 16 grams) 
and sufficient to maintain the urine alkaline Swift (348) states that 
he has not observed as marked changes with respect to edema and 
renal injury as have just been described, but does not deny their 





Fig 6 Systemic Edema after a Fitix Therapeutic Dose of Sodium Salicylate in a 

Hutian Subject (Patient 28) 

Shows increase in body weiglit, accumulation of blood urea, diminished excretion of 
phenolsulphonephthalem, dinunisTied output of unne, albuminuria, excretion of sahcyl 
and unchanged hemoglobin '' 

occurrence with large doses of the drug The typical phenomenon, 
including the various changes in blood, urine salicyl excretion and 
body weight, is illustrated in figure 6 
Pidmonary edema Chatin and)'Guinard (349) produced pulmonary 
edema together with increases in stdivary, bronchial, nasal and digest- 
ive secretions in animals by injectmg methyl salicylate (0 025 gram 
in dogs and 0 047 gram in rabbits) intravenously, the circulation was 
only moderately affected, and respira^n stopped before the heart. 
Chanoz and Doyon (350) produced the tdema in dogs by injecting 
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amvlsalicj’lic ether intrapentoncally or intravenously (0 5 to 0 8 gram 
per kilo) , death occurred from arrest of respiration and conimlsions 
According to Teissier and Gurnard (351), the cause of the edema was 
not due to an increase in pulmonary artcnal pressure because the 
pressure was only slightly increased in curanzed animals recemng 
artifiaal respiration and injections of the ester That is, mechanical 
difficulties alone were insuffiaent, although tliey faalitatcd the occur- 
rence of lung edema Additional important elements were vasodila- 
tion and intoMcation These autliors injected from 2 to 7 cc into 
the jugular \ems in 20- to 24-kilo dogs The vascular changes might 
be expected to occur from an irritant volatile oil such as methyl 
salicj'late Apparently the acute pulmonary edema of methyl 
salicjlate differs as to aiuse from the systemic edema of sodium 
salicylate, although it is possible that the vessels are also affected in the 
latter type 

Local edema of cars The edema action of salicjl esters might be 
expected to hold for other regions besides the lungs This was 
demonstrated by Dreser (357), who applied mesolan (metliyl oxy- 
mefhyl sahcylate) directly to rabbit cars The swelling of the ears 
was determined by measunng tlic volume of water displaced on im- 
mersion of the organs into cylinders The application of 1 pam 
mesotan to an intact car caused it to increase 14 cc in \olume at the 
end of 22 hours, and to 18 cc at the end of 28 hours It took 4 days 
before the car returned to its onginal size Mesotan m oil did not 
cause as much swelling owing apparently to competition of the lipoid 
soKcnt with the car The car expenments indicate the basis for the 
use of sahcjl esters locally as irritants As compared with methyl 
salicylate, spirosal (monoglycol salicylate) and possibly ethyl salicylate 
are less irntating All of these esters arc useful as counterirntants 

Ctrculalwn 

Small tlicrapeutic doses of sahcjl and anchophen do not affect 
the arculation demonstrablv except in susceptible individuals who 
respond with some acceleration of the pulse and consaousness of Uic 
precordia Tull therapeutic doses cause some depression though 
this IS comparatnclj unimportant, while large and toxic do<c 5 defi- 
nitelv depress and finallv paralyze the arailation in the manner of the 
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coal-tar derivatives in general However, clinical investigations with 
modem methods are practically non-existent The following sum- 
mary contains mainly the results of studies on animals and exased 
organs 

Blood pressure After intravenous injection of either sahcylic acid 
(0 023 gram) or its sodium salt (0 08 gram) in rabbits, Kohler (353) 
observed a fall of blood-pressure after section of the vagi, depressors 
and cervical cord, and this was proportional to the dose No such 
effects were observed when the drug was given by mouth, but in dogs 
gastnc administration was followed by a fall of blood-pressure, with 
retardation of the pulse Later Kohler (354) found that intravenous 
mjection of doses from 0 5 to 0 75 gram in dogs resulted in a rise of 
blood-pressure with retardation of the pulse and respiration, but this 
was due to asphyxia, since in curarized animals with artificial respira- 
tion the effects were those of depression Moreover, further injections 
caused the blood pressure to fall progressively and the pulse was 
slowed Kohler denied the claim of Danewski (355) that sahcyl 
stimulates the vasomotor center and the vagus, acting like digitalis 
Oltramare (356), also having obtamed a nse in artenal pressure with 
moderate doses, concluded it to be of central vasomotor origm Cl n- 
ically, Maragliano (357) noted usually an elevation in the pressure, 
never depression 

According to Chatin and Gurnard (349), intravenous injection of 
methyl sahcylate, in absolute doses of 0 025 gram in dogs and 0 047 
gram in rabbits, caused a marked but transient fall of blood pressure 
(carotid) followed by a fleeting nse, followed later by a faU with accel- 
eration of the pulse The cause of these changes was not deter- 
mined, but it was stated that other methods of administration did not 
affect the circulation The action on pulse was feeble and unimpor- 
tant with small doses of the ester Essentially the same effects of 
methyl sahcylate on blood pressure were observed b}’’ Teissier and 
Guinard (351) 

Intravenous injections of large doses of cmchophen in cats and dogs 
cause stimulation of the vagus and vasomotor centers foUoived by 
depression with corresponding effects on the blood pressure (230) 
Using “leukotropin,’^ a mixture of cmchophen and hexamethylene- 
amine, injected intravenously in a dosage corresponding to about 0 2 
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gram anchophen in rabbits, Ullmann (283) obscrv ed a fleeting fall of 
blood pressure ivith sloping and mcreasc m \olume of the heart This 
was prcicntcd by large, but not by small, doses of atropine The 
fall of blood pressure appeared to be due to cardiac slowing from 
ragus stimulation Section of the \agi and decerebration did not 
prevent the action, and therefore the vugus stimulation was periph- 
eral This agreed with parasympathetic stimulation of the intes- 
tine Epmephrme antagonized the arculatoiy' action of andiophen 
In man, there were no effects on blood pressure and the heart from 
the intravenous injection of 10 cc of the miAture, containing about 
1 gram of anchophen On the other hand, Starkenstein (320) daims 
that the lowcnng of blood pressure caused bj intravenous injections 
of minimal eflectiv e doses of anchophen in cats, dogs and rabbits is not 
of V agal ongm 

Intact heart As a rule, there is no effect w ith small, but depression 
occurs with large, doses of sahcyl and andiophen In frogs, Istomin 
(3SS) and Istomin and Wehky (359) observed at first a slowing of the 
pulse, later an accclention after small doses This only returned to 
normal m 00 to 100 minutes if the spinal cord was not cut The 
heart stopped in incomplete s> stole and was unafTected by atropine 
or electrical stimulation Blanchier (97) observed an increase m rate 
and strength of the heart beat dunng a small nsc in blood-pressure 
which was probably of central origin With increase in dosage, Oiis 
was followed b> arrhjthmia, irregulanty, diminution in strength of 
pulse with sudden stoppage of the heart and cessation of respiration 
In guinea pigs, Houghton (77) found cthjl salicylate in doses of about 
0 0015 gram per gram bodj weight to slow the heart, large doses 
produang cardiac standstill This action was prcsumablj on the 
cardiac musde direct The effects of mcthjl sahcjlatc (0 0007 gram 
per gram bodj weight) were more pronounced on account of its greater 
tovacitv The results of Born«ow (3C0) appear to be in accord with 
those of others 

With sodium andiophen injected intravcnousK, Start cnstcin (320) 
obicrved a temporarj slowing vith increase in amplitude of the pulse 
in rabbits, but not in aits and dogs He denies a vagus tj-jic of pulse 
from this drug Essentially the s anie cliangcs in rabbits w ere obtained 
bv Idlmann (283) watli “leukotropin," bat he interprets the mechanism 
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as a vagus shock/’ and states that Starkenstein’s injections resulted 
frequently in thrombosis 

CUnically, See and Lahalle (361) observed no change in pulse-rate 
and rhythm with comparatively small doses of sodium salicylate With 
small as well as larger therapeutic doses, Maraghano (362) noted an 
mcrease in the strength of the heart beat, and the systolic pressure 
reached its maximum in 2 hours and returned to normal in 3 to 5 hours, 
the normal dicrotism usually being accentuated Doses of from 4 to 
19 grams of cinchophen were found by Hanzlik, Scott, Weidenthal 
and Fetterman (291) to slow the pulse rate about 25 per cent in both 
febnle and afebrile subjects (eight) The slowing, therefore, was not 
the result of antipyretic action Neocinchophen also slowed the pulse 
in 4 febrile subjects 

Perfiised heart. The isolated heart is not readily poisoned by salicyl 
as indicated by the fact that rather high concentrations are necessary 
for defimte effects Such concentrations are much higher than the 
concentration of about 0 02 per cent occurring in blood after full 
therapeutic, or clinical “toxic,” doses 

Faval (363) found low concentrations ineffective for the isolated 
frog heart, high concentrations paralyzed Friednchsen (128) noted 
that concentrations of from 0 04 to 0 05 per cent of sodium salicylate 
in Locke’s solution, and of 0 2 per cent m blood, were necessary to 
cause stoppage of the perfused frog heart Lower concentrations 
reduced the rate and strength of the heart beat In the living frog, 
a concentration of 0 4 per cent sodium salicylate in the blood stream 
was necessary to cause stoppage In the intact rabbit a concentration 
of 0 12 per cent of sodium salicylate had no effect, but with higher 
concentrations the pulse was slowed, blood-pressure fell and the heart 
stopped The excised and perfused heart was depressed by a con- 
centration of 0 12 per cent Death occurred when the concentration 
of salicylate reached 0 13 per cent in the blood after administration 
of the drug by mouth, but 0 06 and 0 08 per cent concentrations in the 
blood were endured for 24 hours Avithout death Friednchsen noted 
also that beef and rabbit serums always contained more sahcyl than 
the erythrocytes, the proportion in serum to whole blood being 1 2 to 1 
Salant and Johnson (364) found that perfusion of the isolated frog and 
turtle hearts with a concentration of 1:2000 sodium sahcylate had no 
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effect or stimulation, 1 1000 at the end of 10 to 15 minutes caused 
considerable depression, and there was a slight improvement some- 
times on discontmuation of the perfusion, but complete recoaerj was 
not obseraed, 1 500 and 1 250 caused still greater depression Oku- 
shima (365) reports that the action of saUcylic aad and its sodium salt 
on the heart resembles that of other aromatic aads and their salts, 
and suggests tliat the depressant action of sahcylates is due to hber- 
ation of the aad by metabolites given off by caased organs, espeaallv 
as an effect is more rapidl> obtained with an organ in activity than 
when it IS at rest However, this implies a much higher degree of 
aadity in tissues than probablj exists 
In a later report, Okushima (366) stated that the esters of vanous 
aromatic aads have a more pronounced effect on the isolated heart 
than the corresponding sodium salts of their aads, but on hypodermic 
injection in mice the salts were more effective than the esters The 
latter would seem to be a matter of solubility In the experiments of 
Salant and Johnson (364), heart block occurred in 2 to 3 minutes after 
perfusion of the isolated frog heart with concentrations of 0 7 per cent 
or less of the methyl and ethjl salicylates, the effect was promptl> 
removed with Ringer’s solution Acetylsalic>'hc aad, in concentra- 
tions of 1 4000 to 1 2000, caused marked depression, but when the 
pH of the solution was maintained at 7 4 or 7 5 stimulation occurred, 
and, therefore, this derivative was less toxic than the sodium salt of 
sahc>lic aad Mendenhall and Comp (367) observed that acclyl- 
sahcylic acid had a stimulant effect on the intact and perfused frog 
heart as indicated by lowering of the threshold to elcctncal stimula- 
tion, the action of the drug being direct and not due to paralysis or 
inhibition of the vagi The dosage in frogs was 0 25 mgm per gram 
body weight Injection of doses comparable to the therapeutic in 
cats accelerated the heart and increased the blood pressure inde- 
pendently' of the vagi They concluded that the drug is depressant 
to the heart onlv in concentrations mucli higher than would be likely 
to occur ev cn after large doses Using Williams’ perfusion apparatus 
and defibnnated ox blood, Dreser (11) estimated the cardiac output 
and work of the frog’s heart during perfusion with 0 2 per cent sodium 
salicylate This salt left the force uncliangcd, but reduced tlic pulse 
volume as compared with a control solution, while 0 25 per cent 
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acetylsalicylate increased the work through an increase in pulse volume 
though the force remained unchanged These results were essen- 
tially similar to those of Salant and Johnson 

XJUmann (283) observ'-ed that perfusion of the isolated frog heart 
with “leukotropm” resulted in sloving of the rate and dmumshed 
systole, in other words, direct depression The effects were antago- 
nized by calcium Rotter (255) claims paralysis of cardiac nerves in 
the frog’s heart treated directly with cmchophen, the heart usually 
stopping m systole, but this seems entirely out of hne with the results of 
UUmann and of Starkenstein discussed above Hydroatophan, ac- 
cording to Pohl (368) , does not possess the action of cinchophen on the 
amphibian heart, but causes intense spmal and peripheral stimulation 
resulting in tetanus and fibnUary contractions 

The mam criticism of the majonty of reports on the perfused heart 
is the failure to take into consideration the changes m the perfusion 
fluid resulting from the addition of cinchophen and salicyl and their 
derivatives These changes consist essentially of the alterations in 
reaction (pH) from cmchophen and the salicylic and acetylsalicyhc 
acids, which would reduce the alkalinity, and from the sodium salts of 
the compounds, which would increase it, smce they are salts of relatively 
weak acids In the case of “leukotropin,” the presence of hexamethy- 
leneamme might alter the action of cmchophen In other words, the 
cardiac effects observed may have been due to pH changes, etc , rather 
than to the drugs themselves 

Blood vessels These tend to be relaxed by aU concentrations 
Dreser (11) found the vessels of frogs with cord destroyed relaxed on 
perfusion with sodium sahcylate and sodium acetylsabcylate, the 
concentrations were not stated Dilatation of the penpheral vessels 
from sodium salicylate m higher animals was observed by Wiechowski 
(369) . The mtracranial vessels were constricted, but the homologues, 
benzoic and p-oxybenzoic acids and acetylsalicylic add and methyl 
sahcylate had no such action In his direct observations of capillaries 
in the frog’s mesentery, Ikeda (280) saw no depression of the drcula- 
tion here from the injection of cinchophen, while quinine depressed 
A relaxation of vessels from salicyl and dnchophen might be expected 
as was found to be the case with a vanety of aromatic substances by 
Rondo (370) The action is on the smooth musde itself and results m 
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paraljsis with concentrations which oppose and prevent the actions 
of banum and epinephrine In cxiJcnments with cxased vessels 
thcmsches or those of excised organs, it is necessary to keep in mind 
the changes in pH of the fluid just as in the case of the isolated heart 
Unfortunately, this was not the case in the few reports discussed 
Neiertheless, the results generallj agree with those of injection expen- 
ments wludi are not subject to the same local changes 

Respiration 

Ordinary therapeutic doses of sahcyl and cinchophen do not appre- 
ciably affect the respiration, but full therapeutic doses tend to acceler- 
ate and deepen it Toxic doses depress and finally paralyze The 
early effects appear to be of circulatory' origin, since they occur at a 
time when the pulse is slowed and the blood-pressure tends to fall 
Dosage IS an important factor, but clear cut analyses arc still lacking, 
and the axailable reports are somewhat contradictory 

After gaslnc administration of sodium salicylate and salicylic aad 
in dogs, a slowing of tlie respiration was noted by Kohler (353, 354) 
In guinea pigs and dogs, Blandiier (97) noted an acceleration at first, 
followed by interrupted respiration, dyspnea and deatli from asphyxia 
Practically the same was observed by Chironc and Pctruca (195) 
Danewski (355) claimed that, if the xagi were cut before injection of 
the salicylate, the respiration w as only slightly accelerated Tlus then 
returned to the same rate as in the control untreated animals with 
sectioned xagi, the drug, therefore, acting indcpcndenOy of the \agus 
mechanism The marked increase in respiration and air hunger after 
hypodermic and intraxenous injection of sodium salicylate m animals 
Were found by llurtlcy and Trevan (274) to be similar to those of 
acctoacctatc and ethyl acetone, cnol compounds, which reproduce the 
symptoms of diabetic aadosis Small doses of ethyl salicylate in 
guinea pigs at first slowed then accelerated tlie respiration, accorchng 
to Houghton (77), large doses paralv/cd Houghton also observed 
that no absorjition of this ester took place by the respiratory passages 
In dogs and rabbits, Chatm and Gurnard (i'}9) observed constant 
effects after intravenous injection oi methyl salicylate, namely, accel- 
eration of rcspirilion and dyspnea, which increased with the degree 
of jxiisomng, and finalh the rc'piration stopped before the heart In 
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these experiments the circulatory changes were relati-v’-ely unimportant 
Chnically, Deseille (287) reported no change in respiration after 
therapeutic doses of salicylate XJUmann (283) states that cincho- 
phen, in the form of “leukotropin/’ increases the asthmatic attacks m 
man. 


Skeletal muscle and nerve 

The sodium salts of salicylic acid and cinchophen have no demon- 
strable direct effects on skeletal muscle, but the free acids depress 
The convulsant action after adnumstration is analogous to that of 
phenol and entirely central in origin In the intact frog, Livon (371) 
reported that sodium salicylate caused j&rst an increased and later a 
decreased irritability Acceleration of rigor mortis was reported by 
Blandiier in 1879 (97), and this is characteristic of convulsants in 
general Recently, Schuller (322) demonstrated the absence of toxic 
action from the sodium salts of salicyhc acid and other aromatic aads 
on excised frog muscle When carbon dioxide was passed through 
the solutions of the sodium salts, the toxicity mcreased with the 
increase in lipoid solubihty of the acid liberated, and, therefore, in 
accordance with physical-chemical behavior The ultimate effect, 
however, was determined by Ihe chemical constitution of the acid 
These results agree, in general, with those of Thienes (323) on smooth 
muscle, who found that the alterations in fimctional response were 
produced only by the lipoid soluble sahcylic acid and not by the 
sodium salt Schuller (372) finds, also, that sodium salicylate, sodium 
cinchophen, and sodium cumarate can remove the actions of caffeine 
and veratrine (contracture) on skeletal muscle He thinks the antag- 
onism to these alkaloids rests on the same basis, and claims it is rather 
uniform for all agents with the hydroxyl group in the ortho position, 
including the antagonists tried The presence of calcium hinders the 
antagonism A definite explanation of the antagonism is not at hand, 
but in the case of the caffeine-sahcylate antagonism, it seems the 
caffeine is removed through the formation of the complex, though very 
soluble, caffeine sodium salicylate The same is suggested as the ex- 
planation of the veratrine-salicylate, andpossibly veratrine-cinchophen, 
antagonism 

Salicyl and cinchophen do not act on peripheral nerve structures. 
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They do not produce local anesthesia The alleviation of pain locallj', 
claimed by some for methyl salicylate, cspeaally on joints, is prob- 
ably due to a counter-irritant action, although it is true that Dreser 
(352) demonstrated some depression of refleves from frog’s skin treated 
uitli the undiluted ester There nas some prolongation of the reflev 
time elicited by clectncal stimulation of the skin A saturated solu- 
tion of the ester m water, however, was ineiTcctive The analgesic 
action of these drugs is mainly central, and analogous to that of other 
coal tar derivatives such as acetanilide and antipynne The depres- 
sion IS marked enough to rcheve the pains of neuralgia and arthntis 
and headache, but not enough even with full therapeutic doses to 
permit minor operations A mild hypnotic action is evpenenced 
by some individuals, espeaally wath acetylsalicyhc aad, but this does 
not compare w ith the activaty of such hypnotics as morphine, bromide, 
barbital, etc Saturated vapors of methyl salicylate were found by 
Dreser (362) to complctclj narcotize mice, depression was still present 
at the end of 20 hours, complete recovery occurred on the third day 
Fish were narcotized in 5 minutes by a concentration of 0 003 per cent 
in water, but not by an equal concentration of mesotan, the latter 
being effective, however, in 2 minutes when twnce the concentration 
was used 


Uterus 

Umtiicitagogue acliou After large doses of sahcj'lates, utenne 
hemorrhages, miscarnagcs and premature birtlis have occurred 
These have usually occurred during the treatment of rheumatic 
fever and it is probable that the fcbnlc condition was responsible in 
part at least Strong menstrual and abortive effects due to salicylates 
have been reported bv Mattos (373) According to Pullmanii (374), 
Scliudiardt (375), Wackcr (170) and Linhart (377) hemorrhages from 
the mucosae occur in some indivaduals after taking salicjl It has 
been suggested by Binz (378) tliat this may be the basis of frequent or 
excessive menstruation, and of nuscamage or premature birth, after 
'ahey 1 

Excised and intact ralht uterus The occurrence of abortion seemed 
to be supportcil by Binz’s expenments (378) on pregnant rabbits 
Five out of 15 rabbits aborted after doses of salicyl whicli had no 
otlier action Binz left the mechanism unexplained, but advi cd 



286 


P. J HANZLIK 


caution in the use of the drug in cases ^vlth a tendency to miscarriage or 
hemorrhage Gunn and Goldberg (379) observed the effects of sodium 
salicylate on the motihty of excised and intact pregnant and non- 
pregnant uteri of rats, guinea pigs, cats, and rabbits They demon- 
strated a definite stimulating action The action was not powerful, 
on the isolated uterus it was only half as strong as sodium carbonate 
and about one-fortieth as strong as qumme A concentration of 
1 1000 of sodium salicylate added directly to the exased strips always 
stimulated as indicated by an increase in tonus, or rate, or induction of 
movements in a previously quiescent uterus Strengths of 1.2000 
and less had some stimulating action, while 1 500 caused a primary 
stimulation followed by depression The effects were reversible and 
probably muscular Smce the concentration of sodium salicylate m 
blood after full therapeutic doses is about 0 024 per cent, and at least 
0 05 per cent was necessary in Gunn and Goldberg’s experiments to 
cause slight stimulation, it does not seem that the muscular action 
alone is responsible for abortions occurring in rheumatic fever Gunn 
and Goldberg noted some fleeting stimulation of the intact uterus 
after doses up to 0 2 gram per kilo in nearly two-thirds of their 21 
expenments The effects consisted of an increase in rate or amplitude 
of contractions In over a third of the experiments sahcylate had 
no effect on the uterus ^Vhen the drug was given m divided doses, 
as it is in rheumatism, the stimulation was not obtamed From their 
results, Gunn and Goldberg concluded against the importance of sahcyl 
as an abortifacient unless the uterus is specially sensitive, and sug- 
gested that abortion occurring m rheumatic fever is the result of the 
fever, or it may anse in some cases from hemorrhage into the uterus 
This seems correct, but it is still possible that the human uterus 
is more sensitive than the animal uterus to both the permeabihty 
and muscular actions of sahcyl, or that abortion Is caused indirectly 
through effects of salicyl on the fetus, for instance, by inducing 
respiration and causing struggling and death Therefore, Binz s 
ad^dce is still \mluable 


Aiiditory organs 

Tmnitus annum is one of the symptoms of sahcyhsm, or cinchonism, 
occurrmg after full therapeutic doses of sahcyl and cmchophen in 
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human subjects In rabbits, mice and guinea-pigs poisoned uith 
sodium salicylate, disturbances m the auditory apparatus do not occur 
from hemorrhages in the labynnth as thought by Kirclincr (380), but 
rather as according to Blau (3S1) and Haihe (382), a ho also made 
experimental studies and found that there is injurj" to ganglion cells 
in the spiral ganglion, and particularly m the aestibular ganglion, 
similar to that produced bv quinine as obsen ed by Wittmaak (383) 
This injury consists of an altemtion in the staining properties of the 
nerxe cells, alteration in the distribution of the Nissl bodies, partial 
disappearance and sometimes destruction of the entire nerve cell 
These dianges are not diaractenstic of salicylates They can also be 
produced by asphyxia, strangulation, convulsions and such drugs as 
arsenic and strychnine Lindt (384) observ cd no degenerative changes 
in the euditory nerve after administration of sahevdate and quinine, 
and states that it is as yet unknown where these drugs act to produce 
the car symiptoms Congestion may be responsible for them, for 
dilatation of cerebral vessels after sahcyl and related drugs has been 
reported by Berezin (383) and Wicchowski (369) 

Tinnitus aunum and other syanptoms of saheyhsm occurred in only 
20 per cent of the subjects receiving ncoanchophcn as compared with 
the majority or 65 per cent of those receiving andiophcn in the senes 
of Hanzhk, Scott, Wcidenthal and retterman (291) This did not 
seem to be a matter of dosage Ncoanchophcn, therefore, probably 
has some advantage in this respect over thcsahcydatcsandcinchophcn 
No experimental studies of the car have been made with these drugs 

S cl cal mg 

Sweating occurs after small and full therapeutic doses of sahcyl and 
anchoplien This is sometimes quite marked with tlie relatively 
small doses of acctylsalicyhc aad used in the treatment of colds 
In fcbnlc conditions it is usually more marked than in the afcbnlc, 
hut the sweating may be so marked after full therapeutic doses in the 
afcbnlc as to reduce the body weight Tluswasob'-crve'd by Ilanzltl, 
Scott and Rcy craft (163) Justi (386) observed that a profuse sweat 
tal es place in fifteen minutes after administration of sahcyl in fever, 
and Goltdammer (3S7j and Lwald (76) noted that the perspiration 
t’lay be so marked as to cause exhaustion The doses of sahcvl tm- 
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ployed by Hare (cit H C Wood (388)) in a clinical study of this 
question did not produce sweating The diaphoretic action may be 
connected with the peripheral vasodilation caused by these drugs, 
and, in fever, the fever has probably an added influence The sweat- 
ing is of course important in the antipyretic action of the drugs. 

Temperature and heat regulation 

Salicyl and cinchophen are prompt and efficient antipyretics 
In 1874, Kolbe (29) first suggested an antipyretic action for sahcyl on 
the basis of certam other pharmacological resemblances to quinme, 
which however had nothing to do with a temperature action, and Buss 
(389) demonstrated its antip 3 T:etic action in 1875 Formerly the anti- 
pyretic action was attributed to depression of the heart and respiration, 
but this was incorrect because tbe temperature action occurs before 
cardiac depression is demonstrable, the latter requiring much higher 
concentrations than occur in the body after therapeutic doses Sahcyl 
undoubtedly dilates the peripheral vessels mcluding those of the skm, 
probably through central depression, and this together with the 
accompanying sweating, at least in fever, suggests the probable mech- 
anism of the antipyresis It was seen that protein metabolism is 
somewhat mcreased, if anything Depression of metabohsm (heat 
production), therefore, is excluded as indeed is indicated by the results 
of various studies of this feature The mechanism, therefore, appears 
to be similar to that of acetanihde and antipyiine, and consists essen- 
tially of increased heat dissipation ‘Wfliether it resembles or differs 
from quinine it is difficult to say at present because the long-accepted 
depressant action of quinine on metabolism has been seriously ques- 
tioned by Hardikar (390) It seems to be generally agreed that 
quinine is a more powerful antip 3 n:etic than sahcyl and cmchophen 
Sweating is not indispensable to the antipyretic action, since percep- 
tible sweating does not always occur durmg the antifebrile action, and 
agam marked sweatmg occurs after sahcyl m normal mdividuals 
vdthout as a rule a lowermg of body temperature Although the 
following summary shows that as yet there is not a complete agree- 
ment on the effects of sahcyl on normal temperature, the tendency of 
the results is toward the negative side, animals bemg more variable 
than man as might be expected 
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A onnal at mals Practicallj negative results with salicyl on body 
temperature in normal animals have been reported by the following 
investigators, Buss (389), Furbnnger (53), Barbour and Herrmann 
(391) in dogs, Alonnaka (392) in dogs and rabbits, and Drescr (11) 
in rabbits The reason for the negative effects in tlie experiments of 
Barbour and Herrmann v as the absence of blood dilution, which, 
however, occurred in fcbnle dogs The blood dilution appeared to be 
dependent on the increase in concentration of blood sugar The 
average maximum increases in sugar after acetylsalicyhc aad and 
sodium sahcylate were 25 and 48 per cent, respectively, in the normal, 
and from 44 and 50 per cent, respectively , in the febrile, dogs The 
dosage of sodium sahcylate was 0 25 gram, and of acctylsahcyhcaad 
0 5 gram, per kilo Shght temperature increases after both drugs were 
observed in some of tlie dogs, this prev'entmg the blood dilution, if 
anything, and therefore favoring the theoretical axplanation How- 
ever, the increases in blood sugar in the afebrile and febnle dogs were 
so nearly alike that the presence of hydremic plethora in one group of 
dogs and not m the other seems rather paradoxical, cspcaally m view 
of the claims that the mcrease in dextrose is one of the chief factors 
in the blood dilution From this it seems that the absence of temper- 
ature changes after salicyl in normal dogs has some explanation other 
than the absence of blood dilution In his study of sodium sahQ’Iate, 
acetylsalicyhc acid, quinine, and some other antipyretics on the 
excretion of nitrogenous constituents in dogs and rabbits, MonnaLa 
found only insignificant variations in these products, and, tliercfore, 
no important depression of tissue metabolism Dreser also found 
accly Isalicy he aad to be negative in rabbits 
On the other hand, several investigators have demonstrated definite 
effects on normal temperature in animals Chirone and Petruca (195) 
found small doses of sodium sahcylate to lower, and large doses to 
increase, the temperature in dogs and rabbits, these latter results 
agreeing with certain ones of Barbour and Herrmann who used doses 
corresponding to the full therapeutic Using a speaal mctil cannula 
through which hot and cold water were pissed for stimuhtion of the 
heat and cold centers in the rabbit bmn, Hashimoto (393) demon- 
strated 1 diminution in the imtability of the heat centers after ad- 
ministration of sodium sahcylate and antipv nne The a]5plication of 
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heat alone by this method results in an increase in body temperature 
and flushing of ears, shivering being absent, while the opposite effects 
occur on the apphcation of cold Sahcyl diminished the responses to 
apphcation of heat, and the application of cold removed thedimmution 
Morphine diminished the responses to both heat and cold, mdicatmg a 
difference from sahcyl, which appeared to have a specific action on the 
heat centers These results indicate some central depression from 
sahcyl 

An increase in heat dissipation amounting to 43 3 per cent together 
with an increase of 39 6 per cent in heat production in normal dogs 
was reported by Wood and Reichert (394) after doses of from 1 to 5 
grams of sodium sahcylate Increased dissipation was regularly 
observed by Stuehhnger (395) m guinea pigs receiving sodium sahcyl- 
ate Livon (396) found the carbon dioxide production generally in- 
creased in guinea pigs, turtles and frogs with sodium sahcylate In 
the experiments of Smger (213) on rabbits, 0 3 gram acetylsahcyhc acid 
by mouth decreased the oxygen consumption 17 and 14 per cent, while 
a “toxic” dose of 0 9 gram increased it 9 per cent In an extensive 
and controlled study of the temperature and heat in mice according to 
modem methods and with the aid of a thermoelectnc needle, Yoshin- 
aga (397) observed that 0 3 gram per kilo of sodium salicylate or 
acetylsahcyhc acid orally lowered the temperatures of the peritoneum 
and the skm of the back The reduction amounted to about 0 2°C. 
in the majority of mice with a return to normal at the end of one hour 
A detailed study of the mechanism of temperature reduction in a mouse 
of 12 grams kept at room temperature (18°C ) showed that dunng a 
reduction of 2 8°C , there was a greater reduction, i e , 17 3 per cent, 
in heat formation (carbon dioxide per hour) than m heat dissipation, 
i e , the calories per hour were reduced only 2 per cent The total 
calories were reduced from a normal of 200 2 to 196 1 after the sahcyl 
compounds The distnbution of the caloric reduction was as follows 
by evaporation, from 16 3 to 15 5, by air, etc , from 0 7 to 0 6, and by 
radiation and conduction from 183 2 to 180 0 The effects of sahcyl 
were similar to those of other coal-tar denvatives, namely, antipynne 
and phenol In their study of antipyretics on tissue respiration by 
means of succinhydrogenase, Nitzescu and Cosma (398) observed 
that sodium sahcylate stood next to quinine as a depressor of oxidative 
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processes Yamamoto (399) reported that although acetj Isabel he 
aad possessed a greater antipyretic cffiacncj than salicylic acid, \ct 
no appreciable difference a as found in the combining effiaenc) of the 
tao compounds Mith brain tissue 

In rabbits and dogs, tlie hypodermic injection of anchophen was 
found bj Starkenstein and Wiechoaski (230) to cause some lowcnngof 
normal temperature The action appeared to be both central and 
peripheral Central depression was indicated by a diminution m the 
irntabihtj of the respiratory center, and by a reduction of central 
vagus stimulation and of asphj'xial reactions The peripheral action 
nas apparently concerned nitli aasodilation In some later experi- 
ments, Starkenstein (400) found that ancliophcn did not loner the 
temperature of decerebrated and warmed rabbits, but lowered it when 
the rabbits were removed from the warming box From this it was 
concluded that the temperature lowcnng action of anchophen must 
be central, the depression or paraljsis of the heat centers impainng 
heat regulation similarly to the action of antipynne Arguing from 
certain expcnmental results, namely, that withdrawal of calaum 
causes fexer and increases the irritabihtj of the sjanpathctic nenous 
system, Starkenstein secs in this an analogj' to the action of andio- 
plicn and some further considerations incline him to the mow that the 
actions of anchophen are fundamentally concerned with the sjan 
pathetic nervous sjstem Howexer, several other actions do not fit 
pcrfcctU into this analogj' On the other hand, the lowcnng of tem- 
perature after “leukotropin” (a solution of ancliophcn in hevamethj 1- 
cneamine) in rabbits is attnbuted by Ullmann (283) to a stimulation 
of the parnsj-mpathetic nenous sjstem It is claimed that the 
respiratorj’ center was paraljrcd and the pupil constneted simul- 
tancouslj, the constnction being rchtxcd by atropine The chims 
that anchophen exerts its effects on body temperature through the 
sjTnpathetic nnd paresjunpathclic nenous sj'stems do not seem well 
estihlislied There IS no reason to behexc that anchophen acts 
differently from sahcjl on bodj temperature, but further and more 
cnlical anal) sis is desirable 

Wlut appears to be a potentiation of anchophen on temperature 
in rabbits has ban reported bj Dittnch (401) \I eak and inactii t 
doses of anchophen caused a marked lowcnng of temperature when the 
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the case wdth the afebrile and practically normal individuals of Hanz- 
lik, Scott and Reycraft (163) 

Whether the changes in blood sugar and dilution are of sufficient 
magnitude to explain the action of antipyretic drugs is a matter that 
can not be considered further here, but would seem to merit further 
study before it can be accepted without question The blood changes 
may be only incidental to the temperature changes However, any- 
one interested may consult a recent review of the subject by Barbour 
(410) 

Using dogs rendered febrile with injections of typhoid, paratyphoid 
and B coli vaccines, Barbour and Lozinsky (299) compared the anti- 
pyretic and toxic effects of acetylsahcyhc acid, cinchophen and neo- 
dnchophen Acetylsalicylic acid acted more quickly than cinchophen 
and neocmchophen However, neocmchophen was the least toxic 
of all The ratios of the minimal antipyretic to the minimal lethal 
doses 

C minimal antipyretic dose 

T mimmal lethal dose 

1 1 

were estimated to be as follows neocincophen cinchophen ^ 

and acetylsahcylic acid Accordingly, the therapeutic range of 

neocmchophen was thought to be much greater than that of cinchophen 
and acetylsalicylic acid Unfortunately, however, the febnle tem- 
perature in dogs with vaccme fever tends to recover spontaneously 
rather promptly, and frequently additional injections of the vaccine 
fail to produce fever In other words, the error in such experiments 
may be considerable, and the antipyretic action due to spontaneous 
recovery and not to the drug administered Extensive senes of 
expenments with adequate controls are desirable in making compan- 
sons of the efficiency of chfferent drugs Since neocinchophen is so 
poorly absorbed (discussed under absorption) from theahmentary 
tract, it is conceivable that the administration of an equivalent quan- 
tity of mert material, such as charcoal or kaohn, might have produced 
the same result in Barbour and Lozinsky’s experiments The com- 
parative weakness of neoanchophen as an antipyretic in rheumatic 
fever was indicated by the results of Hanzhk, Scott, Weidenthal and 
Fetterman (291) 
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Heat regulation in clinical faces No reduction of carbon dioxide 
in febnie subjects with tjTphoid, tuberculosis and diphthena Mas 
obser\'cd by Buss (389) after doses of from 6 to 8 grams of sodium 
salic>late rrcqucntly there v.as an increase in the carbon dioxide, 
but no diminution was observed in normal subjects However, his 
method was probablj not suffiaently accurate In carefully con- 
trolled expenments, and using the Benedict respiration chamber, 
Barbour (411) made observations on 5 fcbnle, temporary febnie and 
convalescent subjects suffenng with tuberculosis, osteomyelitis and 
empyema receiving 1 gram doses of acetylsalicybc aad There was 
a marked antipyretic action whidi was not exhibited in normal sub- 
jects In ll hours the temperature fell 0 81°C in 6 expenments on 4 
subjects as against an av erage nse of 0 18°C on 4 control daj s After 
the administration of the acetylsalicjlic aad, the heat elimination 
inacased 38 2 per cent, and the antipyretic effect was due mainly to 
this change, as with other coal-tar denvatives except possibly anti- 
p>nne The fall in temperature was accompamed by a decrease of 
3 5 per cent in heat production as compared with control days, due 
merely to cooling of the body The drug caused an average decrease 
in pulse rate of 10 beats per minute, and some cardiac disturbance was 
noted m 2 out of the 5 subjects This suggests some arculalory de- 
pression The return to the initial temperature was brought about 
essentially by a reduction of heat ehmination Acetylsalicybc aad 
appeared to increase the respiratory quotient in these antijiyretically 
sensitive indivaduals, whidi however was not the case in normal 
subjects The scnsitivaty was not concerned with “stimulation" of a 
"depressed” heat regulating mechanism or due to lack of combustible 
matenal (dextrose) 

Zimmer (412) administered anchophen, marctin, pyramidon and 
lactophcmn msm.ill doses during four tofivcdaystomodcrately fcbnle 
patients with sepsis, gnppe, and tuberculous and observed the ciiccts 
on the concentration of blood proteins rcfractometncally The body 
Weight generally tended to increase with the dilution of the blood, 
and to decrease wath the increase in blood concentration In other 
V ords retention of water occurred as the result of the administration 
of the antipyax-lics, and the mtdvanism of the retention was ascribed 
lo an increase in capillary permeability The mechanism was jiartly 
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sustained by certain effects of cinchophen on blood dilution and body 
weight after intravenously injected 10 per cent sodium chloride solu- 
tion. However, the results of this author do not appear critical 
The changes reported were small and inconstant, and the renal factor, 
that is, dimmution in functional efficiency, was not considered As 
far as blood dilution goes, the results with cmchophen and the other 
drugs used are m agreement with those of Barbour and his associates 
with sahcyl It wiU be recalled that Barbour attributes the blood 
dilution of antipyretics to the accompan 3 nng hyperglycemia, whereas 
Zimmer attributes it to altered capillary permeabihty, the latter being 
rej'ected by Barbour in his consideration of various possible mecha- 
nisms According to Zimmer, v den Velden, in 1912, was the first to 
recognize a relationship between antipyresis and water content of the 
blood 

ANTIPYRETIC ACTION IN MISCELLANEOUS CLINICAL FEVERS 

The use of salicyl in the form of a decoction of willow bark (most 
species of the large genus Sahx) as a general febrifuge dates from 
ancient times The practice contmued through the medieval and 
up until modem times During the Napoleonic wars willow bark 
was used successfully as a substitute for cmchona bark The active 
constituent of willow bark is the bitter glucoside, salicin (CisHisO?), 
which on hydrolysis yields dextrose and sahgenin, or salicyl alcohol, 
(C 6 H 4 ( 0 H)’CH 20 H), and from which sahcyhc acid can be prepared 
However, salicin, though effective as an antipyretic providing enough 
IS administered, is now obsolete as a remedy because of the more easily 
obtained, economical and dependable synthetic sahcyl compounds 
For this reason it is not considered in this review, but a number of 
references have been appended in the bibhography for those who may 
be interested 

Until 1S74, qumine was the antipyretic in general use for the 
treatment of aU sorts of febrile conditions, but after that date the 
sahcyl compounds came into use and were quite as extensively em- 
ployed as quinine with equally good results The fohowing summary 
wiU testify to their efficiency m a variety of fevers Their use in rheu- 
matic fever will be considered in the next section 

Sodium sahcylate was first introduced into clinical therapeutics by 
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C E Buss of B-isel in 187S (3S9) He clcnionstratcd its antipjrctic 
action in manj patients ivith tj-plioid, tuberculosis, diphthena and in 
four patients nith rheumatic fever The dosage used ranged irom 
6 to 8 grams Buss’ results were quickly confirmed by numerous 
cliniaans throughout the n orld The occasional failures v ere due to 
inadequate dosage Wolfberg (413), for instance, found tliat 4 grams 
or less of salicylic acid uas feeble and uncertam as a general antipy- 
retic as compared vath similar doses of quinine Pel (414) reported 
that the majonty of his thirteen cases of intermittent fever were 
benefited by 4 to 16 gram doses According to Pehling (91) fever 
accompanynng the puerpenum vvath foul lochia was reduced and the 
lochia became less putrid when 4 to 8 daily v aginal douches of 1 1000 
to 1 600 of salicylic acid were given 
Good results in typhoid fever (9 cases) were reported by Nathan 
(415) after doses of 8 grams as the first dose and of half that much 2 
hours later -Vt the same time the pulse rate fell to normal, and the 
strength was somewhat increased Riegel (404) found the antifebnle 
cficcts of salicylic aad in typhoid more pronounced than with quinine, 
but the fever recurred and no efiect on the duration of the disease 
was noticeable Jolnnssen (416) reported that about one half of his 
15 cases of intermittent fcv’cr were rendered afebnle after doses of 1 5 
to 3 grams given at short intervals, no cficcts were noted m hectic 
fever after 2 gram doses, there being a fall usually of 0 I'C Hiller 
(417) stated that he obtained favorable results in seven cases of inter- 
mittent fever after 12 to 28 grams of s,dicylic aad In 3 cases in 
whicli the and w as giv cn per rectum, pain and diarrhea w ere observ «1 
In 23 cases of typhoid reported by Fischer (418) in whicli the tem- 
perature was at 39 5°C and doses of 1 to 3 grams of the salicylate or the 
acid V ere given in the evening, the temperature was reduced by morn- 
ing In a studv of more than 400 cases of different febnlc conditions, 
Riess (103) found that daily doses of 5 grams of salicylic aad lowered 
the temperature 2, 3, 5 and 6 degrees, "nd often in 1 to 2 hours 
The more intense the fev er the smaller and shorter the action In 
260 aiscs of tvphoid of wludi 209 were recent, and in which the tem- 
perature was at 39’C , the first dose had no effect, but later the 
temperature fell, and 8 to 10 doses of salicylic aad served to keep the 
temperature at normal The pulse rate remained uninfluenced, but 



298 


P J HANZLIK 


often became stronger and showed an inconstant dicrotic notch, 
vomiting and signs of collapse were rare The course of typhoid fever 
with salicylate treatment was shortened to an average of 13 1 days in 
164 cases Antifebnle action was also demonstrated by Riess in the 
following acute diseases, croupous pneumonia, erysipelas, scarlet 
fever, rheumatic fever, and chronic phthisis Butt (419) found 4 to 
8 grams of sahcyhc acid to reduce the temperature in typhoid, erysipe- 
las and rheumatic fever Moeh (406) reported a fall of 1 5 to 3°C 
after comparatively large doses within from 4 to 16 hours in t 5 ^hoid 
This was accompanied by marked sweating Rectal administration 
required larger doses, subcutaneous injection gave prompt relief 
Rosenthal (420) observed no reduction of temperature in typhoid 
and intermittent fevers, in pneumonia a fall of about 0 8°C occurred 
Hildebrandt (421) and Jahn (422) observed the fever to be lessened 
and the duration of the disease shortened in typhoid Thomas (423) 
thought the antiperiodic action of sahcylic acid was greater in malarial 
than m rheumatic fever, a failure being noted in only 3 out of 100 
cases of intermittent fever Raymond and Schultz (424) reported 
that the fever and general symptoms of scarlet fever subsided after 
the administration of 6 grams daily of sodium salicylate during 3 days, 
and comphcations were prevented 

Bondi (425) found that 0 25 gram of acetylsalicylic acid was anti- 
pyretic in typhoid The antip 3 n:etic responses reported by Barbour 
(411) with acetylsahcyhc acid in tuberculosis, osteomyelitis and 
empyema, and by Zimmer (412) with cinchophen in sepsis, tuberculosis 
and grippe, have been referred to m the preceding section 

The pnncipal deduction from the results in this section is that the 
salicylates can act efficiently as antipyretics in clinical fevers in gen- 
eral, irrespective of their etiology, which suggests that their antipy- 
retic action in rheumatic fever is not specific The same holds for 
cinchophen 

ACTIONS IN RHEUMATIC FEVER 

Probably the most striking chmcal action of sahcyl and cinchophen 
IS the prompt and complete rehef of all the symptoms of rheumatic 
fever This includes the fever, the immobihty of, and the pain, 
redness, swelhng and effusions in, the joints, the general discomfort. 
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and the accelerated pulse and respiration The effiaenej' of sahol 
IS so good that some have regarded it as a diagnostic and specific agent 
for this condition Cunouslj enough anchophen has not been so 
regarded, though there is no reason to bchc\e that it acts differentlj 
from sahejd The \ anous aspects of the actions of these drugs in 
rheumatic fe\ cr may now be considered with the aim of arnnng at 
some idea of the mechanism of their antirheumatic action 

General and / islortca! 

Although Buss (389), Riess (403) and Butt (419) demonstrated the 
antipjretic action of sodium salicylate in rheumatic fever, the\ laid 
no stress on the other bcnefiaal effects that were obtained at the same 
time, and failed to recogni7c its great therapeutic \alue in this condi- 
tion The credit for having first recognized the full therapeutic 
response to be obtained with sahcyl in rheumatic fever must be given 
to Stacker of Traube’s Clinic in Berlin in 1876 (426) The observa- 
tions of Strieker were confirmed during the same year b> Katz (427) 
Stacker regarded salicjlate as a radical agent and a speafic cure for 
rheumatic fever (0 hlcltzer (428)) 

In Petit’s contabution (429), the earlier reports on chnical cases 
bj many cliniaans arc reviewed, and the benefiaal effects of salian, 
sodium sahcj'latc and salicylic aad discussed Broadbent (430) 
obtained bcnefiaal results in rheumatic fever after 7 5 to 20 grains 
(0 5 to 1 3 grams) every hour The pulse rate fell before the temper- 
ature, and the rheumatic pain disappeared in 4 da> s after the treat- 
ment was begun , the cardiac phenomena remained unchanged Schu- 
inadier (431) stated that a complcle cure in rheumatic fever ma) be 
obtained within from 12 to 48 hours, but that in a few cases there w“is 
rcairrence of the disease Stcinitz (432) observed that silicjlate 
gave a more prompt relief in rheumatic fever tlian other methods of 
treatment (injection of phenol etc), chronic rheumatism was not 
benefited G SCe (170) obtained best results in rheumatic fever 
In 12 to IS hours there w is a fall of temperature, and the joint pirns 
dis iiipeared so tint at the end of 3 to 4 davs the patients could walk 
''ee ol)s( rv c<l no antipyretic effects in tj-jihoid and intermittent fev ers 
^ Ibcll (133) observed most marked benefits m rheumatic fever after 
hourlv doses 0 6 gram of the sodium sihcjlate, the total duration 
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of the disease being 3 to 31 days, recurrence occurred in about 20 per 
cent of the cases The drug was inactive in gonorrheal rheumatism, 
and other pyemic joint affections Oetmger (434) found that recur- 
rences and complications rarely occurred when sahcylate was used 
Cavafy (435) observed that pain in rheumatism was reheved m about 
2 days (average) Vulpian (436) observed that from 4 to 8 grams per 
day in the young and adults gave relief in rheumatic fever vnthin 48 
houis Rheumatic pleuntis, pentonitis, and encephalopathy were 
not influenced by sahcylate Pam in rheumatic fever, muscular 
rheumatism, rheumatic neuralgia, tabes dorsahs and certain cepha- 
lalgias were thought to be sometimes eased by sodium sahcylate, 
although not generally No influence on sensation was observed by 
Vulpian In Hall’s (437) cases, pain and fever m rheumatism were 
reheved more quickly with salicylate than without the drug In a 
statistical study of results obtained with salicylates in rheumatic fever, 
Reihlen (438) found that 95 2 per cent of cures were effected in men, 
91 per cent in women A combination treatment of salicyhc acid 
with salol in which the salol predominated was successfully used by 
Aufrecht (439) in rheumatic fever About the only failure wth 
salicylates in rheumatic fever ivas reported by Fraser (440) This 
occurred in patients with inflammation of the genito-unnary passages 
It was explained as due to lack of tolerance of the sahcyl owmg to 
lessened ehmination in renal disease, for whenever albununuria was 
present, symptoms of salicyhsm occurred Strictly speakmg this 
was not a therapeutic failure of the sahcyl, and, therefore, it can be said 
that the earlier observers unaniminously agreed on the full therapeubc 
benefits to be obtamed from the drug in rheumatic fever This has 
been amply confirmed by five decades of steady usage in the treat- 
ment of this condition, and m many investigations Even the neces- 
sity of using large doses was appreciated very early 

Symptomahc effects of Ihe dzjfcient sahcyl compounds 

The most useful cnterion of therapeutic response in rheumatic 
fever is the antipyretic action With full therapeutic doses of sodium 
salicylate the temperature falls rapidly to the normal level, and with 
it the pulse and respiration are slov/ed and the pain disappears The 
pain is lessened almost at once, but complete mobihty of the joints is 
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usually not restored until some time after the full dosage has been 
administered An carl> subjects e recovery' is frequently observed 
so that the patient may feel so well as to be able to mov e around and 
e\ en lew e the bed and w alk on completion of the administration In 
a statistical study of over 400 rheumatic patients by Hanzhk (476), 
complete relief of all sj'mptoms occurred m 81 8 per cent of males 
and females and complete failure m only 1 6 per cent receiving sodium 
sahcylate In some patients the temperature becomes subnormal, 
in others it remains slightly febnlc, leaving the patient uncomfortable 
This may be due to spreading of the infection or to msuffiaent dosage 
of the drug, but sometimes a complete recovery is not obtained in 
spite of large doses With the majonly of patients a smgle course of 
medication, givuig 1 gram doses of the drug hourly to the point of 
sabcylism, suffices Then the medication may be stopped, though it is 
the practice with many to continue the medication with small doses 
2 or 3 times daily for some time afterwards as a routine Continued 
medication is always indicated if the fever continues or tlicre is an 
extension of joint involvement, the latter being indicated by the nse 
in temperature 

The lack of promptness or completeness, or both, of the response to 
sahcyl has been taken by some to indicate the presence of some other 


form of arthritis or disease tlian rheumatic fev cr Howei er, the diag- 
nostic significance of such a result may be questioned, for more speafic 
remedies than silicyl, such as quinine and arsphenamine, sometimes fail 
to pvc tlic desired results m their own fields, that is, in malana and 
syphilis The explanation of the lack of reojionse in occasional cases 


of rheumatic fever is not at hand, though it probably falls withm the 
range of vanations of biologcal rcacUons in general Nevertheless 
the therapeutic response to salicy'l in the vrast nujonfy of patients w ith 
rheumatic fev er is prompt and definite and probably more dependable 
than the therapeutic response to manv other drag, m other diseaser 
I.^re 7 Illustrates ty'pical antipjTct.c nuponses of eight patients 

sut onngvnth rheumatic fever reportedbyHanzhL, Sc 

(4 1) ThcasulLswercobtainedundcrcontroIhdconditionsand^e 

"'■O' (xlo W 
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fell to about the normal level at the end of 8 to 10 hours The major- 
ity of the patients responded completely to a single full therapeutic 
dose, only two requiring repeated courses of salicyl medication, and in 
only one other patient did the temperature fall somewhat more slowly 
than usual The mechanism of the antipyretic action has been dis- 
cussed in the two preceding sections ^ 

The effusion mto and swelhng of jomts disappear some time after the 
pain and fever. This might be expected because absorption of the fluid 
is a relatively slow process No accurate data on the time of recovery 



Fig 7. Typical Antipyretic Responses to Full Therapeutic Doses op Soduiii 

Salicytate in Rheumatic Fever 

are available, but, in general, recovery may be apparent or even com- 
plete at the end of 24 hours, more definitely at the end of the second to 
third day after a full therapeutic dose of the drug There is consider- 
able variability Complete rest facilitates recovery Moreover, the 
joint symptoms tend to recover spontaneously without sahcyl medica- 
tion as was demonstrated in the study of Hanzhk, Scott and Gauchat 
(441) Therefore, it may be doubted if sahcyl per se facilitates the 
recovery of the objective s3miptoms in the joints independently of rest 
and spontaneous recovery However, there seems to be no doubt 
that the rehef of pam, tenderness and “soreness” when movements are 
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attempted is due directlj to the drug From his studi of a large senes 
of cases, Saift (442) concludes that the distressing sjmptoms of 
arthntis are easily controlled bj either salicjdate or neoanchopheii, 
that the exudative features in rheumatic fe\ er are less prominent under 
the full influence of salicyl than without the drug and that the dis- 
appearance of exudation and the symptoms after salicjl is the most 
charactenstic feature of the disease The subcutaneous nodules may 
appear eontinuouslj ivhile the patient is receiving salicyl 

On the other hand, the recover)' of the accelerated pulse and respira- 
tion IS mainly the indirect result of dcferv'cscence of tlie fev er This 
IS the tendency in spontaneous recover) from fev ers in general Swift 
(442) reports a slowing of 20 to 30 per cent in pulse rate In the sec- 
tion on arculation, it was seen that full therapeutic doses of salicyl 
may accelerate the heart in normal individuals due probably to 
diminished penpheral resistance owing to the relaxation of penpheral 
vessels, and the respiration is simultaneously aecclcratcd, if anything 
The relative slowing of the pulse and respiratory rates in rheumatic 
fever is made apparent by removal of the cause (fev er) of the marked 
increase in these functions The cliangcs in these functions do not 
have an important bcanng on the general s)'mptomatic relief in rheu- 
matic fever 

The marked sweating of the disease is temporarily aggravated by 
medication wath salic) 1, but this only faahtatcsthedefcrv'escenceof the 
fever, and therefore, recov'cr) The effiaenev of nature’s protective 
mechanism appears to be improved b) the drug The sweat vesicles 
arc uninfluenced, and whether the composition of the sweat is offccted 
or not IS unknown Unfortunately, speculations in text-books on the 
possible changes in the alleged marked aadit) of the sweat in rheu- 
matic fever lack a sacntific basis 

Whether, or to what extent, the amelioration of the s)Tnptoms of 
general discomfort, that is the subjective sensation of acliing, weakness 
and stiffness m the limbs, restlessness, etc, should be attnbuted 
dircctlv to salic)l is debatable There is no eloubt that medication 
V ith antip)rctias and analgesics, whether of the salicvl or non salic)l 
tvjie, makes jiaticnls dccidedl) more comfortable than no medication 
It all However, the experience of comfort during medication nm 
be onlv the result of the relief ol fever and pain 
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As to duration of the disease under treatment with salicyl, this varies 
wnth the initial seventy of the attack, multiple extension to joints, 
the mdivadual and other factors The mean duration in 8 patients 
of the senes of Hanzhlc, Scott and Gauchat (441) was 15 days (range 
6 to 38 days), w^hich was 9 days shorter than the duration of illness 
in patients on non-salic 3 d medication J L Miller (443) found that 
the period of stay in hospital in treated and untreated patients did 
not differ Statistics on the subject are unreliable, being subj’ect to 
the indimdual opinion of the physician as to w^hat constitutes a desir- 
able period of rest The end point is not always sharp Swift (442) 
thinks that the period of rest should be as long as signs of infection 
persist, but the latter is not always mterpreted by the same criterion, 
and cultures of the infective agent are precluded 

It is the general experience that treatment with salicyl alone from 
the beginning insures freedom from symptoms of rheumatic fever m 
the maj'ority of patients Accurate data, however, on the recurrence 
of s 3 miptoms are hmited In the statistical study by Hanzhk (298), 
about 18 per cent of the patients were incompletely or not at aU 
relieved by the administration of sodium sahcylate in full therapeutic 
doses, and in the large maj'ority that was relieved, it was certam that 
salicyl w'as repeatedly administered to many patients because of 
recurrence of the symptoms Two out of the 8 rheumatic patients 
in the series of Hanzhk, Scott and Gauchat (441) required repeated 
sahcyl treatment for recurrence J L MiUer’s (443) statistics showed 
that the salicyl treated patients relapsed more frequently than the 
untreated , that the freedom from pam became earlier m the treated, 
but that the duration of pain in the treated was no different from 
that in the untreated Swift (442) found that relapses w^ere often 
heralded by a declining weight so that body weight wms a good mdex 
of recovery. The body w’-eight might stdl fall during treatment with 
sahcyl when other S 3 miptoms had been controlled Swnft, iMiUer 
and Boots (284) found the leukocytic curve of considerable value 
That is, in the absence of e^udence of concormtant non-rheumatic 
infection, persisting leukocytosis signified persistence of rheumatic 
mfection, and, conversely, repeated normal counts indicated that the 
attack was drawing to a close, the latter bemg true pro-vnding the 
patient was not receiving salicyl medication \Mien the leukocjdes 
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remained normal on discontinuance of the drug no relapse occurred 
and the patient recovered When the drug was stopped and the 
Icukocjte count increased to 4000 or more above the prevoous level, 
this showed that the infection had not stopped 
The derivatives of salicyl, namelj, acctjlsalicjlic aad, salicvl 
salicj'late and methjl sahcylate, act qualitatively the same way as 
sodium salicylate m rheumatic fever Their use m this condition has 
been discussed m general papers by Gordon (444) and Klaveness (445) 
Quantitatively, there are some differences from sodium sahcylate 
From a statistical study of clinical dosage by Hanzlik (298), methyl 
sahcylate was found to be about as effiaent as sodium sahcylate, but 
acety Isalicylic aad w as about 15 , and sahey 1 salicy late, about twice, as 
effiaent Conversely, the effectiv'e dosage of these latter dcnvativcs 
would be 5 and J, respectively, of that of sodium sabcvlate Bene- 
ficial effects from acetylsalicyhc aad in rheumatic fev er w ere observ ed 
m connection wath the study of its cvcrction by' Hanzlik and Presho 
(21) About the only advantage acctylsalicvlic aad and salicy'l 
salicylate possess IS their more pleasant taste, but tins does not mask 
the central nausea and vomiting of the “toxic” dosage Methyl 
sahcylate is unpleasant by mouth and its absorption is irregular 
and somew hat uncertain (discussed under absorption) Local applica- 
tion of the ester to joints is sometimes used with the idea of secunng 
absorption and av oiding nausea, etc , but this notion is erroneous, smee 
the c^tcr is not sufiiaentlv absorbed in this way to secure the sy stemic 
effects of salicyl Any benefits from local application arc due entirely 
to countcnrntation From 10 to 16 grams of novaspinn (anhydro- 
methyleneatryl salicvlic aad) were found by Hanzlik, Scott, W eiden- 
thal and Fcttcrman (291) to be without demonstrable benefit m 3 
patients wath rheumatic fever This was due to poor absorption, 
which amounted to a median of onlv 17 3 per cent of the total admin- 
istered 

rfccis of ctnchophai and dmvalncs 

1 hC'C art precisely the same as those of salicv I just descussed and the 
details need not be repeated However, some comparisons that 
have been made with sahcvl comjiounds miv be of interest 

It apiXiir- that Oeller (116), under Strump^ll at Leipzig, in 1911, 
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first reported on the beneficial effects of cindioplien m rheumatic 
fever A further report was made by him in 1912 (447) , the best 
results were obtained with 3 grams given within 6 hours, when there 
was a rapid disappearance of redness and swelhng in joints, marked 
sweating and prompt antipjuetic action Oeller thought cmchophen 
was superior to acetylsahcyhc add because the latter did not lm\er 
the temperature as promptly as, and left more cardiac side actions 
than, cinchophen, but it may be doubted if the dosage of acetylsahcyhc 
add was adequate In the same year, Heller (290) reported that only 
from 25 to 50 per cent of his rheumatic patients obtained partial or 
temporary rehef, but this lack of success appears to have been due to 
madequate dosage The subsequent reports by Bendix (448), Neu- 
kirch (449), Klemperer (450), Jokl (451), Hahn (452), and Beeck (453) 
on the s)miptomatic relief in rheumatic fever were more favorable 
although certain damns of supenonty over salicyl by some of these 
authors have not been supported by later work This statement 
pertams to the claim of Bendix (448) that imdesirable side actions do 
not occur, and that of Fnedberg (454) that renal irritation could be 
avoided with cmchophen Neukirch (449) compared cmchophen with 
melubrm and acetylsahcyhc acid in 8 cases of rheumatic fever and 
daimed that anchophen lowered the temperature after the other 2 
drugs failed After cinchophen, the fever disappeared at the end of 48 
to 60 hours, and pams in jomts together v/ith the exudation and ery- 
thema at the end of 12 to 24 hours Out of 31 patients, 28 responded 
completely to dnchophen, while 2 patients, who failed to respond to 
cmchophen, responded to sahcylate The recurrences were no greater 
after cmchophen than after salicyl Jokl (451) reported complete 
benefits, that is, antip 3 T:esis, analgesia, and disappearance of local heat 
and swelhng, in 25 out of 30 rheumatic patients treated with cincho- 
phen, and, m some, the drug acted when sahcyl did not Klemperer 
(450) reported successful results vuth cmchophen in 300 cases of 
rheumatic fever, and suggested that the benefits rested on a comph- 
cated antiphlogistic-analgesic action similar to that of sahcyl 

In the 11 patients treated with cinchophen and neoanchophen, the 
therapeutic responses observed by Hanzhk, Scott, Weidenthal and 
Fetterman (291) were complete so that direct companson with sahcjd 
in the same patients was precluded, but an idea of their comparative 
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cfficiencj was obtained from the dosage of sahcjl preinouslj estab- 
bshed Partial sj-mptomatic relief i\as obtained inth doses of from 
3 to 6 grams, complete relief with 10 to 13 grams of anchophen, and 
with 11 to 16 grams of iieoanchophen The partial relief that was 
obtained bj less than “tOYic” doses of both andiophcn and neoan- 
chophen indicated no special adiantage over salicjd, since the same 
holds true of sahcjl compounds and other analgesics The dose of 
anchophen was about equal to the full therapeutic dose of sodium 
salicj'latc, and, therefore, the therapeutic cffiacncj w as about the same, 
while ncocinchophen was less efiiaent, since larger doses of it were 
necessary to secure a complete therapeutic response This was be- 
cause of Its low solubility and absorbability, which was also responsible 
for tlie small amount of gastric irritation as compared with anchophen, 
the latter causing more distress than sodium salicylate The sj mp- 
toms of sahcj’lisra were about the same and renal injury somewhat less 
after anchophen, and both were less pronounced after ncoanchophen 
than after sodium sahcjlate in corresponding doses The cardiac 
slowing produced by anchophen was presumably due to direct ciraila- 
torj depression, since it occurred m both febrile and afcbnlc subjects 
The antipyTetic action of anchophen was more prompt and marked 
than with neoanchophen despite the higher doses of the latter The 
diaphoresis, which occurred simultaneously, was marked with both 
drugs Reduction of the fever to a subnormal level of temperature 
was demonstrable in the majonty of patients at the end of 8 to 12 
hours with the dosage of anchophen used, but with neoanchophen it 
took about 24 hours for the temperature to approach the normal, 
though It tended to remain somewhat above the normal level Ml 
Uiis indicates that neoanchophen possesses a slower and less perfect 
antipv retie action than anchophen and salicyl Typical antipjTCtic 
responses of anchophen and neoanchophen in rheumatic fcvir arc 
illustrated in figures 8 and 9, respectivelv Cliacc, Myers and Killian 
(293) observed a greater antirheumaticclliacncv with ncoandioiilitii 
than with salicyl, because the pain and swelling of joints in several 
patients yielded to ntoanchoplitn after a failure to ameliorate these 
with salicvlates, but, in geneml, there were small dilTereiices in the 
analgesic, antipj relic and unc aad elimination cFccts of these drugs 
harliour, Lorinsl y and Qcmtnts (292) found ncocinthophcn fully’ 
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efficient in 12 patients with rheumatic fever, the total dosage required 
being from 10 to 16 grams , and 7 to 8 grams gave partial relief The 
general absence of gastric symptoms and renal injury inclined them 
to the behef that the drug can be administered without harmful 
effects Miller and Boots (294) reported that neocinchophen gave 
relief in some cases of rheumatic fever m which the sahcylates failed, 
or the patients were so susceptible to the “toxic'’ effects of salicyl that 
enough could not be given They stated that neocinchophen required 
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Fig S Anupyeehc Action of Cikchophen in Rheumatic Fe\'ee 
Fig 9 Antipyretic Action of Neocinchophen in Rheumatic Fe\ter 


large doses, but was less “toxic” and equally or more effective As an 
antipyretic, however, it acted more slowly than acetylsahcyhc aad, but 
was more lasting, this being ascribed to slower absorption, which also 
accounted for its being better borne MiUer and Boots (295) tned 
the ethyl ester of cmchophen, 

COOC2H5 

CeHs 
N 
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in 8 piticnts mth rheumalic fever, using fotal doses of from 9 to 17 
grams dunng the first 24 hours, and after that, from 4 to 5 gnms per 
diem during variable periods Tull therapeutic responses uere ob- 
tained in 5 patients the remaining 3 sliovving relapses after discontin- 
uing the drug but being relieved bj acetjdsalicjlic acid In the 
patients that ucre promptly benefited, the arthntis, fever, and tachy- 
cardia disappeared at the end of 24 hours The symptoms of salicy hsm 
thatv ere present were milder than after saheyd As an antirheumatic 
remedy, this ester corresponded closely to neocmchophcn, but was 
probably less effcctiv e than sahey 1 The adv antage of ncoanchophen 
and tlie ethyl ester of cinchcphen over salicyl, that is, the relative 
absence of side actions, is obvaously secured at tlic etpense of rela- 
tively poor solubility and absorbability of these drugs The dimin- 
ished cfTiaency, m consequence of these properties, could be corrected 
to some extent at least by increasing the dosage, but this means that 
the therapy is less economical and more inconvenient and burden- 
some for the patient, and, therefore, these drugs do not appear to 
possess the advantages over salicyl claimed for tlicm 

Cardiac lesions and the heart in rheumatic fever 

The lesions accompany ing the fev er may be located anywvhcre in the 
heart However, the most common lesion is an endocarditis of the 
mitral vailve, next in order, perhaps, is pcncarditis The observation 
wasmadeby Vulpian in 1880 (436) that these lesions persist unchanged 
in spite of sahey 1 medication, and that other visceral manifestations in 
rheumatic fever are not arrested In the clinical statistics of Rtihlen 
(438), sodium salicy'late was found to be neither prophy lactic nor cura- 
tive for cardiac complications Cockayne (455) found the cardiac 
lesions in chorea also uninfluenced From statistical studies, J L 
Miller (413) concluded that cardiac complications were not less in 
salicyl treated patients 

\n interesting explanation of the greater frequency of endocarditis 
in the left than in the right aunculovcntncular onficc was first sug- 
gested by Ihnz (456) and then by Poullson (139) It vvas that the 
carbon dioxide tension m the left hc''rt was too lo v (onlv 2 S per cent 
carbonic aad, as stated by Binz) for the liberation of frecsalicvliccid, 
which was assumed to take place in the nghl heart in virtue oi the 
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higher carbon dioxide content, and to prevent the growth of organisms 
there Binz visualized the mechanism further as follows He thought 
the carbon dioxide in the heart was not subjected to the increased 
pressure which was exerted in the tense fibrous tissues enveloping the 
joints, and that in the heart the circulation was rapid and unimpeded, 
while in the inflamed joints the vessels were compressed, and the blood, 
overcharged vith carbon dioxide, flowed more slowly through them 
It seemed to him that m the heart the very conditions were wanting 
under which sahcyHc acid could be hberated by carbon dioxide, and he 
stoutly maintained that the sodium sahcylate did not circulate in the 
inflamed parts of the body as the salt vdthout undergomg a change 
there, and without haying an effect on the part However, so far as 
the carbon dioxide factor in the hberation of free sahcyhc aad is con- 
cerned, this theory is wrong For, in the expenments of Hanzhk (137), 
free salicylic acid was not demonstrable m the slightly acid (pH 6 8) 
cardiac (right) and arterial bloods of dogs dymg of asphyxia, and it is 
highly improbable that the cardiac blood of rheumatic fever would 
contain more free carbon dioxide than that of fatal asphyxia Finally, 
it was indicated m the section on distribution that a much higher 
degree of hydrogen ion concentration (acidity) than is compatible 
uith hfe is necessary for the liberation of free sahcyhc acid from sah- 
cylate m the presence of serum It was seen also that sodium salicyl- 
ate is not antiseptic, the concentration of about 0 02 per cent occurrmg 
in the circulation after full therapeutic doses bemg far below any 
possible bactenostatic action Therefore, the explanation of the en- 
docarditic phenomena must be sought elsewhere 
Beneficial effects of both sahcyl and cinchophen on the heart are 
conceivable in other ways. Swift (442) interprets a favorable effect 
from the reduction of 20 to 30 per cent of the pulse rate due to the 
sahcyl medication That is, this amount of reduction in the rate 
reduces the number of impacts of the injured valves by a correspondmg 
amount The time necessary to keep the patient qmet, Svdft beheves, 
is the most important part of the treatment, and the heart naturally 
participates in the benefits from this penod of rest The abohtion of 
pain, fever and insomnia is an important contnbutory factor Swift 
suggests further that if the edema is elmunated from the valves by the 
antirheumatic drugs in the same manner as from periarticular tissue, 
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it IS concci% able that the endocardium might be spared some traumatic 
injurj This is at least plausible The inadence of subsequent 
carditis in chorea patients ’i\as found by Bertram (157) to be lower 
in those treated with sodium sahcj'late than in those treated with 
arsenic, sedatives or rest alone without drugs He claimed also that 
sahcylate was more cllectiie m reduang carditis accompanjing 
arthritis than in chorea As far as heart failure in poljarthntis is 
concerned, Ehrstrom and Wahlberg (459) found, in an extensi\c 
statistical study, that salicyl therapy had no effect on this, nor on the 
infectious process, and they add that the mfection would not be 
affected because sahej 1 is not a speafic agent for the organism but acts 
symptomatically 

Chemical structure and composition of sahcyl and other agents and 
antirheumatic action 

It IS interesting to note that it is only the ortho-h> droxy benzoic aad 
(salicylic aad), 

COOH 

0 ” 

whidi gives prompt relief in rheumatic fever It was shown by 
Stockman (37) that the mcta-hydroxybenzoic aad, 

COOH 

Oo.. 

and the para hydroxy benzoic aad, 

COOIl 

0 

OH 

arc practicallv inert as antiseptic and antirhcumatic agents One 
gram doscs two hourly of these aadv up to a total of about 32 gnnv, 
V err incffictive in rheumatic fever, and their ratal eloscs for rabbits 
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were about twice that of salicyhc acid These isomers do not give 
the typical iron color reaction of sahcylic aad. This means that the 
hydroxyl (OH) group has lost its phenolic character chemically 
They are, however, conjugated with sulphuric acid in the body as 
they are excreted as ethereal sulphates, and, theiefore, behave physi- 
ologically hke phenols in general (Sheiwin (459}) Stockman (37) 
thmks that the pharmacological action of sahc 5 'lic acid depends on the 
presence of the hydroxyl (OH) and carboxyl (COOH) groups in juxta- 
position No explanation as yet has been offered why the (OH) and 
(COOH) groups in other positions, as m the meta-and para-aads, do not 
possess the same action as the ortho aad 
Benzoic aad (CgHs'COOH) was found by Stoclonan (37) to be 
effective in rheumatic fever and it caused symptoms of sahcyhsm, but 
the efficiency appeared to be somewhat less than that of salicyhc aad, 
while ortho-phthahc acid, 

COOH 

I^COOH 

and cinnamic acid, 

CH • CH . COOH 

A 

V 

were inert 

The cresotinic acids (CeHs OH COOH CHj) bear a close chemical 
resemblance to sahcyhc aad (CeH^ OH COOH), and have been tried 
as antirheumatic remedies Three out of the ten isomenc cresotinic 
acids are known as the ortho-, meta-, and para-cresotinic aads and 
have structural formulae as follows 

COOH COOH COOH 



CHs 


ortho 


meta 


para 
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In all three aads, the h>clrox}’l (OH) group stands to the carbo’:>l 
(COOH) group in the same position as it docs in salic>lic aad, iihilc 
the methyl (CHi) group occupies in reference to the (OH) group the 
ortho, mela and para positions, respectnely Ml three aads react 
chemically tnth iron gi\nng a purple color, and the sodium salts all t\ ere 
found effective in rheumatic fever by Stockman (460) The para- 
cresoUnate i\as probably somewhat less effiaent than the meta-and 
ortho salts The dosage necessary of all three salts was considerably 
higher tlian that of sodium salicylate This amounted up to 40 grams 
for the ortho-cresotinate, and was around 32 to 36 grams of the meta- 
and para-cresotinates The eflccts in general were almost idcntiail 
wnth those of sodium salicjdate >Iay (461) reported satisfactory 
results with sodium ortho cresotmatc in rheumatic fc\er, but Demme 
(463) deaded that the sodium pira-cresotinate was less effiaent 
Stockman (460) quotes Koranyi and Gatti as having found these 
compounds cflccti\c as anlip> reties in typhoid, phthisis and pneu- 
monia In rabbits, Maj (461) found the lethal doses of the ortho 
and meta-salts to be about equal, the para crcsotinate being less 
ixiisonous All this indicates that some modification of the phjsi- 
ological activity of the tiitlio hydroxy (OH) group in the cresotinates 
maj be produced by changing the position of the methyl (CH>) 
group Howeeer, tlic diflercnces between the different cresotinates, 
as far as antirlieumatic action is concerned, are not marked and they 
do not offer any advantages o\ er the saUcyd compounds 
The effiaenci of salicyl compounds dejicnds partly on the amount 
of salicyl whidi they contain or can deielop in the body, and partly 
on other factors as y et impcricctly understood The amount of sahey 1 
that may be present or liberated bears on the dosage That !>., the 
dosage is in\er-cly proportional to the salicyl content Among the 
other factors, lipoid solubility, and the methyl, acetyl and sahey 1 
group-, play some part Tins is illustrated bv the rclatncly higher 
(1?) therapeutic effiaenca and “toxicity" of metlul salicylate and 
ecetyls-xhcylic aad than that of sodium s.dic\lafe despite the lover 
16 6 per reiitl sahcxl content of acttylsalicelic aad, i hilc that of 
nutinl salicylate is only 5 per cent higher 1 he therapeutic effiaemy 
of sahc\l silicyl.Uc i-> alxiut tv ice tint of sodium salicvlate, and the 
sahcel content, onl\ 20 per cent higher In the section on excretion, 
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it was shown that all these compounds circulate through the body un- 
changed to a large extent, so that their structure is brought into 
intimate contact with the tissues Originally, Dreser (11) thought 
that only those derivatives which would easily liberate salicyl in the 
tissues would be therapeutically useful, and for that reason discarded 
the methyl compound corresponding in structure to acetylsalicyhc 
acid, 

0 O . OCCH3 
COOH 

the latter answering the purpose mainly because he found it pharmaco- 
logically more active In this he was not altogether correct because 
acetylsalicyhc acid circulates unchanged The mechanism of its 
higher efl&ciency is not understood, but it may be that the lipoid solu- 
bility of the acetyl, and also of the groups of the other derivatives just 
considered, in some way further augments the action of the sabcyl 
group 

Sahcyluric acid (CcH^ OH CO-NH CH 2 COOH), the conjugation 
product of sahcyhc acid and glycocoh, was found by Stockman (176) 
to be meffective in one patient with rheumatic fever who was given 
20 grams This does not settle it, and actually the temperature was 
falling under sahcyluric medication when sodium salicylate was ad- 
ministered to the patient As far as is known, Stockman is the only 
one who has tried this product in rheumatic fever Sahgenm, or 
salicyl alcohol, 

0 CH2OH 

OH 

was found by Stockman (176) to be fairly efficient as an antirheumatic 
in total doses of about 6 grams 

That the hydroxyl group is not necessary, nor even the salicyl group, 
to antirheumatic efficiency is illustrated by the high efficiency of cm- 
chophen, 

COOH 

CeHt 
N 
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and neoanchophcn 


cooc Hi 



N 


^^hld^ do not contain these groups Houc\cr, tlicy arc chcmicallv 
related to salicyl, and their structure indicates the presence of the 
quinoline nng uhich acts as an antipj retie Obviously important 
factors nith all the compounds arc general solubility and absorbabih 
ity llie poor solubility and absorbability probably explain the rela- 
tive inocuousness of ncoanchophen Nowspinn (anhjdrometlijl- 
cnccitryl salicjhc aad), for instance, is claimed to be non-to'tic, etc , 
but Us absorption amounts onl> to about 17 per cent (median), j ct its 
salicvl content is high, 10 grams being the equivalent of 7 3 grams 
of sodium salicylate Tinaliy, tlie combined use of moiphine and 
quinmc, both of which are chcnucallj dilTcrent from all the drugs tlius 
far mentioned, but which are nevertheless therapeutically ciTiacnt in 
rheumatic fever, indioites the relative unimportance of chemical com- 
position and structure of these therapeutic drugs, and of the spcaficity 
of salicyl, in this disease 1 he speculations on the cliemical side of 
this question have not led to anything defmite pertaining to the 
mechanism of the antirhcumatic action 

Salicy! on sircpiococctc immune bodies 

Tins lias been studied by Svvaft (403, 464) He determined the 
cITccls of daily doses of from 0 46 to 0 2 gram per kilo of sodium 
salicylate gastncally on the development of immunity in rabbits th it 
had received intravenous injections of Sircpiococais ttndans both 
living and in the form of vacanes, and of washed sheep cry throcy tes 
\s compared with the controls, the sahcylircd rabbits shov c<l a de- 
pression of intibodj, agglutinin ind hemolysin formition and of 
complement tevation The intravenous injection of antigens preva- 
ouslv treated in vitro with '■odium snhcvlatc showed lower antiiiotly 
curves than did the rabbits receiving untreated antigen intravcnouslv 
and saheylatc gistricallv The depresesnt action was, therefore due 
partlv to some direct action of s ilicyl on the antigen, and partlv per- 



316 


P. J EANZLIK 


haps to decreased rate of absorption of antigen in the salicyhzed ani- 
mals This, however, is no contraindication to the administration of 
salicyl in the disease Swift suggests that the beneficial effects of 
sahcyl in rheumatic fever probably can not be attnbuted to increased 
production of arculating immune bodies against the infectious agent 
On the other hand, the depression of the irritative properties of the 
etiologic agent suggests a basis for the antiphlogistic action of the 
drug However, a difficulty in all this is the uncertain etiology of 
rheumatic fever Swift’s results with sahcyl at least agree with the 
current opinion that few, if any, drugs or simple chenucal substances 
enhance the formation of immune substances There are no studies 
with cinchophen 


Salicyl vn expenmental arth) ths 

The response of this condition to sahcyl has been tested by severa 
investigators, but unfortunately the results with both chemical and 
bacterial arthritis have not suggested the basis of the high efficiency of 
salicyl and cinchophen in the polyarthritis of rheumatic fever The 
selective distribution of sahcyl in the joints of rabbits injected with 
streptococci and in those treated locally with mustard and croton 
oils has been discussed m the section on distribution, the results with 
the former were uncntical, and with the latter, negative The follow- 
ing are expenmental results along symptomatic lines 

J L Miller (443) observed that, in rabbits, the prophylactic use of 
salicyl had no value in preventing arthntis after mtra venous mjection 
of hemolytic streptococa Davis (465) produced arthritis in young 
rabbits with vanous streptococci and then injected from 0 2 to 0 3 
gram sodium sahcylate once daily for 2 weeks The sahcyhzed rabbits 
died frequently before the controls and Davis concluded that the 
drug had no prophylactic or therapeutic effect dunng infection 
However, the method of medication used did not conform to that 
employed chnically That is, probably saturation of the orgamsm 
with sahcyl is of greater importance than gradual treatment with 
divided doses as employed by him The total dosage administered 
m his animals was large It is suggested that probably the early 
death of the drugged rabbits was due to nephritis caused by the sahcyl 
superimposed on any renal injury caused by the infection Expen- 
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menti. issenUalh along the same line as Dtvis’ iiiere earned out bj 
Fantus, Simmonds ard Moore (466) on rabbits infected uith hemolytic 
streptococa The dosage of sodium sahcjlate \.as 0 5 gram adminis- 
tered in solution and in capsules The drug iias harmless to the con- 
trols, but detnmental and fatal to the infected rabbits and the adchtion 
of sodium bicarbonate did not alter the result Acetjlsalicylic aad 
Mas more toxic than sochum sahcj'late, and salophen had no influence 
on, or V as unfavorable to, the infected rabbits Beneficial results in 
rabbits infected isith hemoljtic streptococa secured dunng icutc 
tonsillitis in patients acre obtained ba Simmonds and Moore (467) 
on exposure of the rabbits to electnc light continuously All told 22 
rabbits ucrc used, and about one half the joints of the treated rabbits 
were involved, the lesions being more scxerc in the untreated controls 
The temperature remained unchanged, but there was a greater gain in 
bodv avcight in the treated rabbits In another study by Simmonds 
and Moore (468) on rabbits infected with hemoKtic streptococa, the 
heat factor from exposure to incandescent electnc light v as considered 
The temperature was from 4° to 6°C aboxe room temperature, 
amounting to from 33° to 35°C Slx senes of rabbits were used 
The controk did not die, but seemed to haxc more marked lesions 
and gaxL evidence of greater distress, while large numbers of the 
treated rabbits died though the lesions seemed to be benefited I he 
untreated rabbits gamed more in bodv weight From these results it 
seems that almost any treatment may be harmful to rabbits with 
expenmcntal arthntis, and it may be that the hemolytic streptococa 
produce too severe a disease in this spcacs 
Swift and Boots (469) compared the tlierapcutic effiacncy of sodium 
salicylate in rabbits infected with the more severe hcmoly’tic, and the 
less severe non hemolvtic, streptococa Ml 4 rabbits infected wath 
the hemolytic streptococci, and of which 2 received sodium salicylate 
gastncally, died within a few days All had purultnl arthntis, but tlie 
organisms vere not recovered from tlic joints In a larger senes of 
rabbits inoculated with non-hcmolytic streptococa, the results were no 
better as to prevention of death The rabbits received 0 16 gram per 
kilo of sodium s dicvlatc daily for 5 days anti then 003 gram for 2davs, 
sahal also being given before the infection, and died sooner than the 
controls Latent infections seemed to lie lightened up by the salicyl 
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medication and the cardiac lesions were uninfluenced Siwft and 
Boots were of the opinion that earlier death in the sahcyhzed rabbits 
was due to a summation of the bacterial action on the kidney and 
nephrotoxic action of the salicyl As to the severity of the arthntis 
in the treated rabbits, some suggestive results were obtained About 
one-half of the abnormal joints of the sahcylized rabbits were found 
mildly inflamed, while all the controls had severe arthritis as though 
half the joints in the treated rabbits were improved These are prob- 
ably the first favorable results with sahcyl in experimental arthntis 
recorded m the literature However, previous mvestigators usually 
employed hemolytic streptococci, which, m the expenence of Swift 
and Boots, usually cause purulent arthntis, such lesions being more 
nearly comparable to those of osteomyelitis, and different from the 
arthntis of rheumatic fever These authors state that, since no 
clmical benefit is obtained with sahcyl in osteomyehtis, none would 
be expected in rabbits with arthritis from hemolytic streptococci 
However, the beneficial results in the arthntis of non-hemolytic 
streptococci did not agree with the mortahty results, since 36 per cent 
of the treated rabbits died and only 8 per cent of the controls The 
higher mortality signified diminished general resistance, a contrast 
with the apparent benefiaal influence on the local mfection The 
increased mortality under salicyl agreed with the reduction in immune, 
bodies shown by Swift (464) After considenng various possibilities, 
such as a local antibactenal action of the salicyl, a reduction in the 
reaction of tissues to streptococcic irritation and a strong antiphlogistic 
action, as in mustard oil chemosis, claimed by some. Swift and Boots 
concluded against salicyl havmg exerted a benefiaal action because the 
arthritis was neither completely inhibited nor cured as is that of 
rheumatic fever They prefer to leave the question open until milder 
types of arthntis result from experimental inoculation and the visceral 
lesions resemble more closely those of patients What anti-inflamma- 
tory action of sahcyl there was occurred in rabbits moculated ■nuth 
streptococa of lowest virulence 

These results suggest lines of attack m the future Besides choosing 
organisms of low virulence, it would seem advisable to select a more sus- 
ceptible species than rabbits for the production of arthntis Accord- 
ing to Hutyra and Marek (470), the acute arthritis of ammals is most 
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common among cattle, cows being more susceptible than steers In 
fact, It appears that in this speaes the changes in joints, endocardium 
and serosae, the course of infection and the causative factors are nearly 
identical uath those of rheumatic fe\er in man In dogs, horses, pigs, 
goats and sheep, arthntis seems to be rare Then, the chemical and 
physical aspects ment consideration In connection with the greater 
susceptibility of cow s than steers, the possibility suggests itself that the 
dram on c laum in milk cows fa\ors an increased permeability of 
endothelial membranes (joints, endocardium, etc) and greater sus- 
cepUbthty to exudation, swelhng,ctc , from imtatix e bactena or toxms, 
or both Also, the seasonal \ anation in the calaum content of blood, 
believed to exist by some, might be a factor (when the concentration is 
reduced) in the seasonal appearance of arthritis m man It seems 
that the metabolic aspects, at least calaum and other salt balance, 
should not be overlooked in determining the etiology and the exudative 
manifestations of rheumatic fever, even though these may be only 
contnbutory causes Evidence is graduallj accumulating to indicate 
that the physical chemical relationships of cells and tissues alter, if not 
determine, their functional state and responses t<} all sorts of stimuh 
This IS nicely illustrated b> the variety of manifestations in the general 
group of allergic phenomena among which edema, exudations, dis- 
turbances in the arculatory (capillarj') and muscular functions figure 
so prominently In all these phenomena, cell surface changes, es- 
pecially alterations in permeability, must be of great fundamental 
importance This brings us to the antiphlogistic action of sahcyl and 
anchophen 

Antiphlogisltc actioi; 

This pertains to the relief of the inflammatory^ edema, effusion and 
pain in the joints all of vvhidi art effectively relieved by both sahcyl 
and anchophen To what extent antipy rcsis and analgesia contribute 
to the relief of the local inflammatory cliangcsin the joints of rheumatic 
few cr IS not 1 now n How ev cr, m ophthalmia unaccompanied by fev tr, 
sahcyl his been a favorite remedy foralongtime In the exptnmtn- 
tel arthritis of rabbits discussed ibove the antipyaetic action of the 
drug may be a contributory factor in the relief of the joint changes, 
hence this ejtjienmental condition is not suitable for determining 
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whether the antirheumatic drugs directly amehorate the local changes 
or not, i e , m the true antiphlogistic sense The question has been 
tested with both sahcyl and cinchophen in experimental irritative 
edemas of the conjunctiva, lungs, and head and neck, -with favorable, 
though uncntical, and unfavorable, results 
Mustard oil chemosis Starkenstein and Wiechowski (230) reported 
that the mustard oil chemosis of rabbits could be completely prevented 
by the previous injection of 0 5 gram per kilo of cinchophen sub- 
cutaneously 1 hour before The preventive action was marked and 
constant They argued that it could not be due to a fall of body 
temperature, since there was only a fall of a few degrees in rabbits and 
dogs It was also not concerned with a penpheral anesthetic action 
Local apphcation of cinchophen gave negative results The foUoiving 
striking analogies in the actions of cinchophen and calcium appeared 
to exist, both lowered body temperature, inhibited inflammation, 
caused emesis sytemically and central paralysis and inhibited glyco- 
suna The antiphlogistic action was not explained by analgesia, 
anesthesia, vasoconstriction or a local astringent action, but appeared 
to be concerned with some fundamental change in the tissues In a 
later study, Starkenstem (400) reported that non-toxic doses of cin- 
chophen completely inhibited chemosis of mustard oil in rabbits and of 
dionme in patients Lowering of temperature could not explam the 
inhibition because antipyretics in general were ineffective However, 
he found that antipyrine and salicylate, both of which are antipyretics, 
mhibited the chemosis though more slowly than cinchophen In cats, 
chemosis was not prevented by cinchophen and the narcosis from the 
drug was stronger than in rabbits, quinine and magnesium also mhib- 
ited it Believing that cmchophen acted similarly to calcium, 
Starkenstem (471) treated chemosis wnth combinations of the drug 
with calcium and also with santal oil and found that the preventive 
action of cinchophen was potentiated by calcium The action of 
cmchophen on purine metabolism was also favorably influenced by 
calcium and it w^as believed assisted the antiphlogistic action On the 
basis of these results, Starkenstein (472) extolled the use of cmchophen 
in the treatment of spotted fever in which the primary symptom is 
characterized by vascular changes, of the combination of cinchophen 
and calcium m inflammations wdth the idea of preventmg the passage 
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of toMc agents from the arcuLition into the tissues, of the combination 
of sahc)’l and antip\nne m pneumonia and of anchophen, in place of 
sahcj'l, in rheum Uic fe\er He (473) suggested that the so-called 
antiphlogistics, including anchophen, quinine, calaum, s dtcyl, serum 
plasma, milk, methj’lene blue, fuchsin, iodine, collargol, physio- 
logical salt solution, etc uhich he tested m chemosis, oued their 
action to a general protoplasmic or ‘'omnicellular' action in the 
sense of non-protein therapj and in\ol\ing an alteration of the entire 
organism toaard toxic conditions The prinaple of a diminished 
xascular permeability did not seem applicable considering the largo 
xancty of chcmicallj and pharmacologically different agents acting 
similarly on chemosis, and the vascular effect did not go parallel 
vith the therapeutic 

The generalizations of this auOior from the anti-chcmotic action of 
anclioplicn and other agents arc too sweeping and unsupported by 
cntical cxadcnce It docs not follow that an antiphlogistic action in 
arthntis, or in systemic infections, would haxe the same basis as in 
chemosis Moreoicr, critical studies of the racclnnism of chemosis 
and certain other edemas liaxc shown that the inhibitory actions of 
certain agents are concerned with arculatory depression rather than 
wath the direct actions of drugs on the edematous tissues It has 
been shown by Ilirschfeldcr (474) for mustard chemosis and by Tainter 
and Hanzhk (475) for the edema of paraphenylcncdiammc that an 
adequate le\el of blood pressure (at least 85 mm of mercury’) is 
necessary in order that the edema diangcs may be demonstrated A 
full discussion of the relationship of various functions to the develop- 
ment of dicmosisand certain cdcmaswill be found in a recent paper bv 
II inrlik f476) 1 he majority of the agents employed by Starkenstein, 

including andiophen and sahcvlatc which were used in large doses, arc 
capable of produang arculatory depression and tins w as not considered 
or excluded Unless prcciutions arc employed to maintain an ade- 
quate intravascular pressure and arculation through the affected part, 
inhibitory results, which are obtainable vilh the antichcmotic and 
antiphlogistic agents discussed alxivc, arc apt to be misleading The 
same applies to the antichemotic effects of quinine, morphine, anti- 
pvnne and 'alicylate in rabbits reported by Janusdike (477) and 
frequintly quoted by ‘starkenstein and others in support of their 
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claims , and also to those of cinchophen reported by Dohrn (478) All of 
these drugs cause general depression and all but morphine depress tlie 
circulation It is interesting to note that the mustard cliemosis of 
cats does not respond to cinchophen, a fact reported by Starkenstein 
and also by Heubner and Gildemeister (479), ivho used 0 1 gram per 
kilo subcutaneously 

From all this, therefore, the antichemotic actions of cinchophen 
and sahcyl are variable and undependable, and, when obtained, they 
probably occur at the expense of arculatory depression, all other 
mechanisms that have been suggested amounting to nothing more than 
mere speculation Moreover, since any antichemotic action probably 
depends on circulatory depression and collapse, this does not conform 
to the occurrence of antiphlogistic action under clinical conditions 
Dohm (478) claimed the discovery of an important principle in anti- 
phlogistic action, namely, that in general the carboxylic acids, which 
possess antiseptic and antipyretic actions, also act as antiphlogistics 
though in varying degrees However, this appears to be only a co- 
incidence and may be waved in view of the more obvious factors 
pointed out Some text-book writers and clmicians have attnbuted 
the benefits of antichemotic drugs, including cinchophen and sahcyl, 
to central analgesia, and supposed that this basis accounts for the 
therapeutic results from these agents in rheumatism, laryngitis, 
bronchitis, and pleurisy, not only as to rehef of pain, but also as to 
actual abbreviation and mhibition of the pathological process They 
have further recommended their use m the treatment of a variety of 
inflammations and infectious diseases Such unwarranted deductions 
and generahzations made on the basis of the senously defective and 
uncritical experimental results in chemosis discussed above have led 
to an unjustifiable commercial exploitation of these products for all 
sorts of conditions, m certain of which these drugs may do more harm 
than good Consider, for instance, the possible injunous effects of 
these drugs on the kidney and heart superimposed on the injunes 
caused by the disease 

Mustard dermahhs The importance of circulator)’^ collapse and 
diminished blood flow through the edematous region in the antagonis- 
tic action of cmchophen is illustrated by some recent experiments of 
Fuerst (480) Fuerst determined the lowest effective concentration of 
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mustard oil produang dermatitis before and after the administration 
of anchophen The mustard oil nas used in the form of small papers 
soaked in 30, 40, 50, 60 and 70 per cent mustard oil m olue oil and 
applied to the sha\ed skin of rabbits Cinchophtn, in \erj large 
doses, prevented the dermatitis in 66 per cent of the cases Simultan- 
eouslj these rabbits suffered a diminution in rectal and skin temper- 
atures, and there was marked depression, but those rabbits kept warm 
in an electncally heated bo\ responded with the usual dermatitis, all 
of whiclr indicates that the prevention in the successful cases, was due to 
circulatory and general collapse Fuerst attributed the inhibition to 
diminished blood flow in the skin, which, of course, would be expected 
m collapse On the other hand, the administration of calaum chlonde 
and hydroclilonc aad prevented the dermatitis independentlv of 
collapse, and there was no lowenng of skin and rectal temperatures 
Ihc aad base equilibnum of the blood was disturbed after both of 
these agents, and it appeared that a diminution in alkali reserve was 
responsible for the beneficial result After anchophen the carbon 
diovide of the blood remained unchanged 
Pulmonary edema of phosgene E Lacquer and R Magnus f481) 
tned anchophen and sodium salicylate m cats and rabbits suffering 
with pulmonary edema from phosgene They found that doses of 
from 0 1 to 0 IS gram per kilo of anchophen dissolv ed in sodium or 
ammonium hjdroxide, which were not fatal and caused cither no or 
otilj a delayed and temporary fall of body temperature, caused a 
greater number of fatalities th in occurred among the untreated con- 
trols Sodium salicvlatc, in single doses of 0 15 gram per kilo or daily 
doses of 0 25 gram per kilo subcutaneously', had no beneficial influence 
on, or caused no rccov cries among, the phosgcnizcd animals riiesc m- 
vesligators, therefore, concluded that these drugs were worthless in 
this im tativ c edema It is true that in these experiments fatal concen- 
tntions of phosgene were employed and the pulmoniry edema was 
severe, but under the same conditions doses of 0 167 gram of calcium 
chloride per kilo po-,scssed some prophylactic value All this em- 
phasizes that till additive effects of anchophen and salicvl in experi- 
mental pathological conditions arc apt to be dctnmental, if any thing 
hhmn of parapl eiislet.ediamiite In this peaihar, 'iieafic edcmi 
the hcaei and neck invaiUing the cervacal skin, lips, nose, orbits, 
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tongue, vocal cords and conjunctiva, the antiphlogistic effects of cin- 
chophen, neocinchophen and sodium salicylate have been tested by 
Hanzhk and Tainter (482) vdth completely negative results The 
blood changes in this edema consist of a marked concentration of cor- 



Fig 10 So- 
(1 um salicylate, 
cinchoplien and 


puscles, hemoglobin and total solids owing to escape of 
plasma due to increased vascular permeabihty in the 
edema regions The blood changes, which served as 
an index of permeabihty changes, and the appearance 
of the edema grossly dunng hfe and at autopsy t\ere 
employed as the cntena in the study of the effects of the 
drugs Sodium salicylate was admmistered subcutane 
ously in doses of from 0 15 to 0 2 gram per kilo singly 
and divided Cmchophen, dissolved wuth the aid of 
sodium hydroxide, w’as administered gastrically in doses 
of from 0 1 to 0 4 gram per kilo, and neocmchophen was 
given as a suspension in water, using doses of from 0 25 
to 0 5 gram per kilo These doses corresponded to the 
full therapeutic used chnically in rheumatic fever 
The drugs w^ere given before the edema was produced, 
with salicylate this was from 45 mmutes to 1 hour, 
v/ith cmchophen from ll to 3 hours and with neocin- 
chophen from 2 to 3 hours before the adrmnistration 
of paraphenylenediamine At least 4 rabbits were 
used with each drug, and untreated control animals 
were observed at the same time 

The results on blood changes presented in figure 
10 show that sahcylate, cmchophen and neocmchophen 


neocinchophen 
on the increased 
blood concen- 
tration in the 
edema of para- 
phenylened lam- 
ine m rabbits 
The continuous 
Imes denote 
changes m hem- 
oglobin, and tlie 
broken Imes, 
blood solids 


did not m any way mitigate or prevent the increase m 
vascular (capillary) permeabihty of this edema The 
blood concentration was increased as much m the 
treated as in the control (“para”) rabbits, it only de- 
creased shortly preceding, or at time of, death, and this 
also occurred in the controls, a phenomenon commonly 
accompanymg collapse or death from any cause As 
far as gross edema changes were concerned these vere 
aggravated, if anything, by the drugs, espeaaUy by 
cinchophen, which favored the occurrence of pentoneal 
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and pleural c-rudates All three drugs hastened death, •nhich is fur- 
ther e-indcncc against protection, because death in the edema of para- 
phenjlcnediaminc is mechanical, that is, it is of asph> aaal ongin due 
to the swelling of vocal cords, etc Thus, it is seen that, m this irri- 
tatiie edema occumng without fever, the antiphlogistic effects of 
salicjl, andiophcn and neoanchophen were not demonstrable, a result 
in agreement v.ith the negative results of Heubner and Gildemcister 
m chcmosis and of Lacquer and Magnus in pulmonarj’- edema 
It IS possible that the mflammatorj' clianges, including the swelling, 
edema and exudation, m the joints of rheumatic fever are dillcrcnt 
from the expcnmental pathological lesions of other regions produced 
b> chemical agents, jet there is no reason to believe that the funda- 
mental changes in the organs and tissues are radicallv different 
It was seen from the expenments of Swift and Boots (470) that about 
half the jomts of arthntis m infected rabbits were somewhat benefited 
bj the administration of sodium sahcjlate, jet these authors waived 
the conclusion that sahcj’late acted bcncfiaallj' Therefore, talung 
all the results together it appears that an antiphlogistic action due to 
an organotropic influence, expenmcntally at kast, must be denied to 
saUcjl, cinchophcn and ncoandiophcn 

Trcalmciil of rliciimaltc fact with intsccllaneoiis agents 

Tlic fact that the sjanptoms of rheumatic fev cr have been success- 
fully rcheved, and the disease apparentlj cured, bj n xanetv of agents 
chemicallj’ and phj-sicallj different from sahcvl and andiophcn is a 
strong argument against the spccifiatj of these drugs Successful 
treatment of a case of rheumatic fever wath a vacanc, and one which 
v.ould not respond to sahejd, was reported bj Rosenthal and Widal 
(483) J L Miller and r B I usk (484) obtained prompt recoveries 
m 29 out of 45 patients receiving from 4 to 75 million tvqihoid organ- 
ibnis as a vacane The pain, redness and swellmg disappeared in 
from 1 to S days and usuallj’ within from 24 to 48 hours The endo- 
c-irditis was benefited as well as the arthntis Tlicsc patients showed 
no improvement after the administration of 1 to 2 gnms of sodium 
sahcjlate cverv 4 hours Tlic remaining patients show cel no or onlj 
partial improvement, some required reinjection of the vaccine 
CompTiUvelj sjieaking, the results walli the \ leane were said to lie 
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quite as good as in typhoid fever itself in which 40 per cent of cases 
are not benefited The beneficial response was preceded by the 
usual marked reaction to vaccines (marked rise in temperature, dull, 
severe headache, nausea for a few hours and marked dyspnea), but 
there were no fatalities Ceal (485) reported 40 per cent successes 
with typhoid vaccine without the aid of sahcyl, but, in the remaining 60 
per cent, no rehef or recovery occurred until saficyl was given Re- 
covery from rheumatic fever may occur without medication, but Cedi 
believes salicyl to be the best of all the remedies and reserves foragn 
protein, which is a heroic remedy, for cases which fail to respond to 
salicyl. Scully (486) reported 40 per cent successes with one injection 
of foreign protein, 52 per cent with 2 inj'ections Apparent benefits, 
especially as to cardiac improvement, have been claimed by Menzer 
(487) with a pol 3 walent streptococcus vaccine prepared from tonsiUitis 
of rheumatic fever, and by Gregory (488) in 18 children treated with a 
streptococcus vaccine prepared from the blood of a boy suffering with 
rheumatic fever The results, however, w'ere not exclusively due to 
the vaccines used, since sahcyl appeared to have been used some tune 
dunng the treatment Proceeding from the notion that the arthritis 
of rheumatic fever is an allergic manifestation, an idea that has a 
certam amount of experimental support, Bauer (489) claimed success- 
ful desensitization by non-speafic agents, such as caseosan, vacanes, 
peptone, milk, etc In the treatment of 26 cases of arthritis with 
intramuscular inj'ections of from 0 5 to 2 cc of 10 per cent casein, 
repeated after 4 or 5 days, Roch and Katzenellenbogen (490) obtained 
most satisfactory therapeutic results in rheumatic fever They 
advise the casein as a supplementary measure According to Kaess 
(491) any kmd of protein in optimal dosage, subcutaneously or intra- 
venously, gives beneficial results in aU kinds of arthritis, a prehminary 
sensitization frequently giving a better result 

The following non-protein colloids are reported to give full thera- 
peutic benefits in rheumatic fever, and frequently when patients are 
refractory to salicyl medication The use of colloidal sulphur, 1 to 2 
cc daily for 2 days intravenously, is reported by Massalongo (492) 
and Viola (493) It caused rapid amehoration of all symptoms and 
marked sweating Giroux (494) aflSrms the efficiency of this agent, 
but states that it produces violent reactions, and that colloidal gol 
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intrti\cnousl\ m a dose of 0 25 cc , then 0 5 to 1 cc , is also effiaent 
Blumcnthal (495) ad\ocatcs colloidal sih er intra\ enouslj inpaUenls 
rcfractorj to salicjl, and ilartonc (496), from 1 to 5 mgm dailj doses 
of mercunc chlonde intrai cnouslj 

Widal (497) quotes the successful use of antipjnne 3 to 4 grams 
daily, and rarely more than S grams, by G See, and b> ChaufTard who 
used atropine inth it conjomtlj , of sodium benzoate b> Senator, of 
sahpynnt and phcnacetinc by Masius, of asaprol by Dujardin-Beau- 
metz, and of phenocoll 

lAimpronti (498) claims to obtain best results bj injecting 8 cc of 
3 per cent antipjnne directly into a joint, 12 cc being distributed 
among other joints so that not oaer 20 cc are giaen dunng 24 hours 
The solution consists of 1 5 grams antipj nne in 46 grams of distilled 
water, and after stenhzaUon by heat, 4 grams of 0 1 per cent epme- 
phnne solution are added He claims that the pain ceases almost at 
once, the temperature falls in a few hours, absorption of the edema 
follows quickly and the local reaction is slight Jlelubnn, which is a 
pjrazolonc den\aiti\c closely rcscmbhng antipynnc, has been used 
succcssfullj in 1 gram doses 3 to 4 Umes dailj up to 10 grams in 
rheumatic fcaer by Hoppe (499), who claims the effects resemble closclj 
those of salicyl It acts as a general antipyretic 
Wiethcr the use of the different agents Uiat ha\e been mentioned 
IS justified or not, esptaallj the aaiccincs, proteins and colloids inira- 
a enouslj, the results that have been reported nevertheless indicate 
that svanptomatic benefits, and even cures, in rheumatic fc\ er are ob- 
tainable vvitli a aanetj of unrelated agents In fact, the sjanjitoms 
constitute the onlj criterion bj which the clTicacj of anlirhcumalic 
remedies can be judged salicjl and anchophen included Accord- 
inglj , therefore, the so called speafic remedy (sahej 1) falls into the 
same categorj as the non speafic (diverse agents), which merclj indi- 
cates that the bcnefinal result is not ptailiar to,orspealic for, salicjl 
\s to the comparative therapeutic cffiacncj of snhcjl and the mis- 
cellaneous agents that is another matter, and there are markeii differ 
tnccs of ojiimon on this point 

^ on-speafe ly cj sahcyl 

I rom the results lliat have been discussed thus fir, it is aifin-rnt 
that the thcnpeuiic rcsjxmses with salirvl and anchophe n in rheuma- 
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qmte as good as in t^'phoid fever itself in wliich 40 per cent of cases 
are not benefited The benefidal response was preceded by the 
usual marked reaction to vaccines (marked rise in temperature, dull, 
severe headache, nausea for a few hours and marked d 3 ’-spnea), but 
there were no fatalities. Cedi (485) reported 40 per cent successes 
with t 5 q)hoid vacdne without tlie aid of salicjd, but, in tlie remaining 60 
per cent, no relief or recovery occurred until salicyl was given Re- 
covery from rheumatic fever ma}^ occur Avithout medication, but Cedi 
beheves salicyl to be the best of aU tlie remedies and reserves fordgn 
protein, which is a heroic remedy, for cases which fail to respond to 
salicyl. Scully (486) reported 40 per cent successes vitli one injection 
of foreign protdn, 52 per cent vitli 2 injections Apparent benefits, 
espedally as to cardiac improvement, have been daimed by Menzer 
(487) ufith a poljwalent streptococcus vacdne prepared from tonsilhtis 
of rheumatic fever, and by Gregoi^^ (488) in 18 children treated with a 
streptococcus vacdne prepared from tlie blood of a boy suffering ivith 
rheumatic fever The results, however, were not exdusively due to 
the vacdnes used, since salicyl appeared to have been used some time 
during the treatment Proceeding from the notion that the arthritis 
of rheumatic fever is an allergic manifestation, an idea tliat has a 
certain amount of experimental support, Bauer (489) daimed success- 
ful desensitization by non-spedfic agents, sudi as caseosan, vacdnes, 
peptone, milk, etc In the treatment of 26 cases of arthritis ivith 
intramuscular injections of from 0 5 to 2 cc of 10 per cent casein, 
repeated after 4 or 5 days, Rodi and Katzenellenbogen (490) obtained 
most satisfactory tlierapeutic results in rheumatic fever. They 
addse tlie casein as a supplementary measure According to Kaess 
(491) any kind of protein in optimal dosage, subcutaneously or intra- 
venousty, gives benefiaal results in all kinds of artlintis, a prehminary 
sensitization frequently giving a bettei result. 

The following non-protein colloids are reported to give fuU thera- 
peutic benefits in rheumatic fever, and frequentty when patients are 
refractory to salicyl medication The use of coUoidal sulphur, 1 to 2 
cc. dail}’- for 2 da 3 ^s intravenousl 3 ", is reported by Massalongo (492) 
and Viola (493). It caused rapid amelioration of all symptoms and 
marked sweating Giroux (494) affirms the effidency of this agent, 
but states that it produces dolent reactions, and that colloidal gold 
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intniAenously in a dose of 0 25 cc , then 0 5 to 1 cc , is also effiaent 
Bluracnthal (495) ad\ocatcs colloidal silver intravenously inpatients 
refractory to salicyl, and Martone (496), from 1 to 5 mgm daily doses 
of mcrcunc chlonde intravenously 
Widal (497) quotes the successful use of antipy^nnc 3 to 4 grams 
daily, and rarely more than 8 grams, by G See, and by Chauffard who 
used atropine with it conjointly , of sodium benzoate by Senator, of 
salipyrine and phenacetine by Masius, of osaprol by Dujardin-Beau- 
metz, and of phcnocoU 

Lampronti (498) claims to obtain best results by injecting 8 cc of 
3 per cent antipynne directly into a joint, 12 cc being distributed 
among other joints so that not over 20 cc are given during 24 hours 
Tlie solution consists of 1 5 grams antipy'nne in 46 grams of distilled 
water, and after sterilization by' heat, 4 grams of 0 1 per cent epine- 
phnne solution are added He claims tint the pain ceases almost at 
once, the temperature falls in a few hours, absorption of the edema 
follows quickly and the looil reaction is slight Mclubnn, whicli is a 
pyrazolone derivative closely resembling antipynne, has been used 
successfully in 1 gram doses 3 to 4 times daily up to 10 grams in 
rheumatic fever by' Hoppe (499), who claims the effects resemble closely 
those of sahey] It acts as a general antipyaetic 
Whether the use of the different agents that have been mentioned 
13 justified or not, especially the vaccines, proteins and colloids intra- 
venously, the results that have been reported nevertheless indicate 
that syanptomatic benefits, and even cures, in rheumatic fever arc ob- 
tainable wath a vancty of unrelated agents In fact, tlie symptoms 
constitute the only entenon by' whidi the efficacy of antirhcumatic 
remedies can be judged, sahcvl and ancliophen included Accord- 
ingly, therefore, the so called speafic remedy (sahcyl) falls into the 
‘ irac category as the non sjicafic (diverse agents), which merelv indi- 
cates that the benefiaal result is not peculiar to, or spcafic for, sahey 1 
\s to the comparative therajieutic cfiinency of sahcyl and the nii'- 
celhncous agents th it is another matter, ind there arc marked differ- 
ences of opinion on this point 

Nor spcotf,aty of soltc^l 

1 rom the results that have been di'cussed thus far, it is apjLireilt 
tint the therajieutic resjionsce with salicyl and anchojihcn in rhrun’"'- 
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tic fever are indistinguishable, and, it may be added, also with certain 
of the miscellaneous agents just discussed Yet, it is the sahcyl group 
that is alleged to be the specific remedy in this disease Why ancho- 
phen is not generally included is not dear The idea of specificity 
has no better basis than an old clinical impression, unsupported by 
objective evidence of any kind, and which seems to have been first 
expressed by Strieker in 1876, who first recognized the ments of sahcyl 
in rheumatic fever G See (150), who populanzed the drug in France 
in 1877, had the same idea This idea has been perpetuated down to 
the present day and is the conception of salicyl action presented in 
most text books of pharmacology and therapeutics However, from 
time to time doubts of its vahdity have been expressed, and during the 
past 10 years or so the idea of specifiaty among investigators and stu- 
dents of the subject has been abandoned This position has been 
taken because of the efficacy of other kinds of therapy in rheumatic 
fever vnthout the aid of salicyl, and of results from direct companson 
of salicyl and non-sahcyl medications in the same and difierent 
patients 

It is interesting to note that Ehrlich (500) accepted the specificity 
of salicylates in rheumatic fever on the antiseptic basis, although he 
realized that the etiology of the disease was unknown The concep- 
tions which he formulated for sahcyl, and which were part and parcel 
of the principles which he followed in his search for specific chemo- 
therapeutic agents, were about as follows He stated that there were 
only 4 agents which exerted a specific action m infectious diseases 
and these were quinine in malaria, mercury in syphilis, salicylic acid 
in rheumatic fever, and trypan red and arsem'c m trypanosomiasis 
Out of the 3 principles in chemotherapy that had to be met by drugs, 
according to him, namely, (a) a strong inhibitory or bactencidal 
action in vitro, (b) relative harmlessness to the organism or host, and 
(c) antiseptic action in the organism, sahcylate complied only uith the 
second From tliis it is difficult to follow the logic of the postulated 
specificity of sahcyl, but on the contrary would seem an argument 
against it What held then with respect to the antiseptic actions 
of salicyl in mtro and in vivo, holds with equal force now, as 
mdeed has been conclusively demonstrated by the results of the 
researches ated This is not the place to consider the etiology of 
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rheumatic fc\cr though it is ob\Tous!} a paramount factor in any 
consideration of the specificity of anti-rhcumatic drugs Here it must 
suffice to ate onlj the results bearing on the question mth respect to 
s ihcyl and anchophen In order to be convinced of tlic fact that the 
etiology of rheumatic fever remains undctcmiincd one needs onh to 
consult the works of the follov mg authors W idal (497), RoIl> (501), 
Toplej and Weir (502), Riesmin (503), Boots and Snft (50-1), 
Swift (505, 442), Turnbull (506), Aaughn (507), Girouv (194), W G 
IilacCallum (508), and Swift, Andrews and Dcmck (509) All this, 
therefore, complctelj eliminates the etiotropic action of sahcvl from 
Uie consideration of its spcciliatj, ind leaves onl} the sjmptomatic 
relief 

In 1908, Stockman (510) suggested that too much stress must not 
belaid on the speafiatj of sahcvl because it gives rchef, though partial, 
in conditions other than rheumatic fever, relapses occur even while 
the patient is taling the drug, and otlicr drugs are nearly as cfiicient 
as sahal R Jlillcr (511) objected stronglv to the view that salicjl- 
ates are speafic for rheumatic fever, and cited jiarti.il and complete 
relief in other conditions He also compared the excretion in unne 
of normal and diseased indivaduals and found tlic rate to be about the 
same In the cveretotj study of Hanzlik, Scott and Thobum tl62), 
no diflercncc in the avadit> of rheumatic tissues from the non rheuma- 
tic was demonstrable because the duration of avcretion was the same, 
although quantitativelj the excretion in rheumatic fever was about 
20 per cent less ov.ing to increased destruction of the drug In the 
statistical studj of clinical cases bj Hanzlik (298), it vvas seen that 
sodium sahcjlate brought about the greatest number of complete 
rcsiwnscs in rheumatic fever and partial responses in otlier conditions, 
but this might have been due to the greater preponderance of rheu- 
matic fever patients treated \ statistical studv could not obviouslv 
settle the question of sj)caficitv, and at best might indicate onlj some 
dilTcrcnces as to therapeutic effiaenev of the drug From a studv of 
212 cases, Z.idck (512) concluded tint sodium salicylate was not 
«I)cafic because neither sahcjl nor am thing else would prevent re 
hp>es, and the involvement of ne' joints or of the heart, sahejl rc- 
dueesl the pam and enabled freer movement of tlic joints while the 
tempcntiire dechneal under it, but the sime results were obtained 
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occasionally by physiotherapy Frenkel (513) beheves that the spe- 
cific results with salicyl in rheumatic fever are based on a misappre- 
hension, the disease is of a remittent or intermittent character, the 
natural intermission coming on after taking the drug and the attenua- 
tion of symptoms is wrongly ascnbed to the drug when in fact the drug 
IS not responsible for it This is probably overstated, but he claims 
to have observed, in his clime, patients going through parallel phases of 
exacerbation and remission whether salicyl was given or not Swift, 
Miller and Boots (284) consider rheumatic fever a seh-linuted disease 
From his extensive studies of rheumatic fever and comparisons of the 
therapeutic efficiency of salicyl, cinchophen and neocinchophen under 
controlled conditions. Swift (348, 442) is convinced that the drugs that 
have been considered as specifics are probably only antisymptomatic in 
their action, an important feature against the specificity being the 
frequent discovery of persisting infection However, he believes 
that the drugs are stiU valuable for controlling the distressing febrile, 
arthritic and cardiac symptoms Ehrstrom and Wahlberg (458) 
deny any effect of sahcyl on the infectious process and conclude that 
sahcyl is only a s 3 mptomatic remedy, and Libarona (514) states that 
the drug does not differentiate rheumatic fever from other arthntic 
conditions 

A direct test of the question of specificity of salicyl in rheumatic 
fever was made by Hanzhk, Scott and Gauchat (441) The method 
consisted of the comparison of salicyl and non-salicyl medications in 
patients who were in bed and receiving no other medication The 
patients were first treated with non-salicyl medication, and if no 
rehef was obtamed within a reasonable period of time, as indicated 
by the progress of the condition, sodium salicylate up to salicyhsm 
in the usual way was administered That is, the antipyretic and 
analgesic properties of salicylate were imitated by combinations of 
other drugs such as morphine or papavenne, and quinine or acet- 
phenetidine, which are chemically different from salicyl, but possess 
similar antipyretic and analgesic quahties In this way, the symptoms 
could be readily combated, and if complete rehef ensued without fur- 
ther medication, no specificity for salicyl, either etiologic or sympto- 
matic, could be claimed The enterion of complete rehef was the 
prompt and permanent rehef of all subjective and objective symptoms 
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of the dise-isc, pirtnl relief «as the partial or imperfect relief of the 
sjmptoms and the persistence of symptoms unabated was called “no 
relief ” Rather large doses of the combined opiates and antipyretics 
were used, as this was bcheeed to be correct in pnnaplc, for it ap- 
peared that the prompt and full therapeutic response to salicjl i as 
due to tlic marked effects of the massiec doses employed Tigure II 
illustrates the comparatnc antipyretic elhaency of the combined 
opiate-antipyrctic medication and salicyl in the 9 rheumatic fc\er 
patients that were obsciaed This figure may be compared wath 
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figure 7, illustrating the results wath 8 patients receiving salicel alone, 
and which sened as a further control for the opiate an tipy rctic 
group 

In bnef, prompt though partial relief was obtained in the majority 
of patients rcceieang the non sahcll medication Tins vas true for 
both early and late sianptoms In some p-’ticnts, the sy 7 i)ptonis 
persisteal despite salicyl medication, and mat least 1 out of the 17 
patients (2 receiving the non salicyl and 2 salicyl medication) there 
was a rcairrence shortly after treatment with salicyl In those 
IMlitnLs in whom the sjuijitoms iicrsistcd, although consiilerabU 
mode-ited, after treatment i ilh the nonsaiicvl antipvretics and 




332 ' 


P. J HANZLIK 


analgesics, salicyl appeared to give more permanent relief On the 
other hand, in 2 of the patients the fever persisted in spite of tlie 
salicyl medication In some of the patients, the persisting antipy- 
retic action during salicyl medication, although other symptoms of 
the disease were present, may have been due to the retention or de- 
layed action of the non-salicyl antipyretic Four out of the 9 pa- 
tients receiving non-salicyl medication were not relieved of any of the 
symptoms imtil sahcyl was administered Ehminating the elements 
of time, rest, and natural recovery, it appeared that the relief of later 
symptoms was brought about more effectively and permanently by 
sahcyl, than by non-sahcyl, drugs Although the numbei of patients 
was not large, the results, as far as acute symptoms of rheumatic fever 
are concerned showed defimtely that these can be promptly and effec- 
tively relieved by combinations of drugs whose pharmacological actions 
are similar to, but which are chemically different from, sahcyl It is 
also possible to obtain permanent rehef with combinations of non- 
sahcyl antipyretics and analgesics Since these results agree ^\ith 
those of several other investigations in winch the problem has been 
approached from other angles, as indicated above, there is therefoie a 
large amount of collective evidence, entirely unopposed, against the 
idea that the salicylates are specific m rheumatic fever 

Mechanism of the anhrheumatic action of sahcyl and cinchophen 

After all that has been said throughout the text thus far, it remains 
only to recapitulate briefly the important evidence bearing on, and 
conclude as to the probable nature of, the mechamsm of therapeutic 
action of salicyl and cinchophen in rheumatic fever Spedal attention 
to the elucidation of the mechanism of sahcyl action has been paid 
only in more recent times, credit, however, being due to the modest 
efforts of Bmz (52, 457) in 1876 The long penod of stenhty in 
this direction is to be attnbuted to the blind patronage of the falla- 
cious postulate of speaficity All the evidence is against the anti- 
septic action of sahcyl undei conditions of the body. There is no 
etiotropic action for the simple reason that the etiological factor is not 
understood, and for this reason a satisfactory experimental arthritis 
has not yet been produced to test this proposition directly, and from 
the fact that antisepsis against an organism, whether bactenum or 
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pirasitc, IS improbible An nnUphlogistic action through a stnctly 
local organotropic influence is cxpenmcntallj untenable The onlj 
possibihtj that exists along this line is an altered (increased) per- 
meabiht) of the \essels with changes in local blood flow, orof articular 
tissues, or both, which might facilitate the absonition of fluid, toxins, 
products of inflammation, etc , from the joints This is not a mere 
knc>, for an increase in permeability of the 1 idnev to unc aad has 
been demonstrated wath both sahcjl and anchophen, and of Iningloops 
of intestine to stilts vath salicjl, but as far as the joints are concerned 
It amounts to no mote than speculation Measurements of blood 
flow through the joints do not exist Against the idea is chnical c\a- 
dcncc of the prompt recoicrx of the joints without medication 
That leaves antipyrcsis and analgesia, which arc definite actions of 
both salicjl and anchophen Both actions occur m a xanctj of 
conditions other than rheumatic fc\ er, as wall be indicated m the follow - 
ing section Antipyresis has been demonstrated expenmcntally 
and Its cause is well understood, though not so the analgesia Ncxer- 
theless, the antipyretic and analgesic actions are general and un- 
questionable Hence, it appears that the rehef of rheumatic fex cr hj 
sahcjl and anchophen is mediated through the antipjrcsis and 
analgesia produced by these agents, which act rather cfllacntlj, 
permitting comfort and rest while the joint sj-mploms disappear 
spontaneously and graduall) Ihcsc drugs arc only sjTnptomatic 
remedies, wluch can be safely administered in xcry large doses, and 
represent a fortunate combination of both antipjTetic and anilgcsic 
qualities which make them more suitable, conx'enieiit and desirable 
than llic emplojTnenl of 2 or more drugs possessing the same actions 
indixnduallj Their high cflicicncy' and clesirabihtx as sj mptoinatic 
remedies in rheumatic fexcr may be regarded as outweighing any of 
the senousness from the temporary disturbances of renal function, 
and other side actions 

ACTIONS IN MISCtU-XN-nOOS CUNICtl, CO'DITIONS 

In the followang summaries it will be seen that sahcxl and ancho- 
phen cnjo\ an extensue usage in a xinety of disease conditions 
cliologically diffeaiit This usage depends on sxmptoniatie relief 
th't IS, of pun, fextr or inflammatory swelling It is proh-'bly t! e 
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analgesics, salicyl appeared to give more permanent relief On tlie 
other hand, in 2 of the patients the fever persisted in spite of the 
salicyl medication In some of the patients, the persistmg antipy- 
retic action during salicyl medication, although other symptoms of 
the disease were present, may have been due to the retention or de- 
layed action of the non-salicyl antipyretic Four out of the 9 pa- 
tients receiving non-salic 3 d medication were not reheved of any of the 
symptoms until salicyl was administered Eliminating the elements 
of time, rest, and natural recovery, it appeared that the relief of later 
symptoms was brought about more effectively and permanently by 
sahcjd, than by non-salicyl, drugs Although the number of patients 
was not large, the results, as far as acute symptoms of rheumatic fever 
are concerned showed defimtely that these can be promptly and effec- 
tively reheved by combinations of drugs whose pharmacological actions 
are similar to, but which are chemically different from, salicyl It is 
also possible to obtain permanent rehef with combinations of non- 
salicyl antipyretics and analgesics Since these results agree vith 
those of several other investigations in which the problem has been 
approached from other angles, as indicated above, there is therefore a 
large amount of collective evidence, entirely unopposed, against the 
idea tliat the salicylates are specific in rheumatic fever 

Mechanism of the anhrheiimatic action of salicyl and cinchophen 

After all that has been said throughout the text thus far, it remains 
only to recapitulate bnefly the important evidence bearing on, and 
conclude as to the probable nature of, the mechamsm of therapeutic 
action of salicyl and cinchophen in rheumatic fever Special attention 
to the elucidation of the mechamsm of sahcyl action has been paid 
only in more recent limes, credit, however, being due to the modest 
efforts of Binz (52, 457) in 1876 The long period of stenhty m 
this direction is to be attnbuted to the blind patronage of the falla- 
aous postulate of speafiaty All the ewdence is against the anti- 
septic action of sahcyl under conditions of the body There is no 
etiotropic action for tlie simple reason that the etiological factor is not 
understood, and for this reason a satisfactory expenmental arthntis 
has not yet been produced to test this proposition directly, and from 
the fact that antisepsis against an organism, whether bacterium or 
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parasite, is improbable An antiphlogistic action through a stnctly 
local organotropic influence is e\-penmentaUj untenable The only 
possibihty that exists along this hne is an altered (mcreased) per- 
meability of the vessels ivith dianges in local blood fioiv, or of articular 
tissues, or both, iihich might facilitate the absorption of llmd, toxins, 
products of inflammation, etc , from the joints This is not a mere 
fancy , for an increase in permeabihty of the kidneys to unc aad has 
been demonstrated uath both sahcy I and anchophen, and of hxangloops 
of mtestine to salts v.ath salicyl, but as far as the joints are concerned 
it amounts to no more than speculation hleasurements of blood 
flow through the joints do not exist Against the idea is chnical evi- 
dence of the prompt recovery of the joints without medication 
That leaves antipyresis and analgesia, which are definite actions of 
botli salicyl and cmchophen Both actions occur m a variety of 
conditions other than rheumatic fever, as will beindicatedinthe follow- 
ing section Antipyresis has been demonstrated expenmentally 
and Its cause is well understood, though not so tlie analgesia Nev er- 
theless, the antipyretic and analgesic actions are general and un- 
questionable Hence, it appears that the rehef of rheumatic fev er by 
sahcyl and cmchophen is mediated through the antipyresis and 
analgesia produced by these agents, which act rather efficiently, 
permitting comfort and rest while the joint symptoms disappear 
spontaneously and gradually These drugs are only symptomatic 
remedies, which can be safely' admimstered in very large doses, and 
represent a fortunate combination of both antipyretic and analgesic 
qualities which make them more smtable, convenient and desirable 
than the employ'ment of 2 or more drugs possessing the same actions 
individually Their high effiaency and desirability' as symptomatic 
remedies in rheumatic fever may' be regarded as outweighing any of 
the senousness from the temporary' disturbances of renal function, 
and otlier side actions 

ACTIONS IN illSCELLAN-EOUS CUN'ICAL CON'DITIONS 

In the following summanes it will be seen that silicyl and ancho- 
phen enjoy 'in extensive usage m a vanety of disease conditions 
ctiologicallv different Tlus usage depends on symptomatic relief, 
that IS, of pain, fever or mflammatory swelling It is probablv the 
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analgesia that is most commonly aimed at All this helps to confirm 
the notion that they are symptomatic and not specific remedies, al- 
though in certain of the miscellaneous conditions they appear to be 
less efficient than in rheumatic fever However, many factors enter 
into their efficiency, of which dosage is obviously one of the most 
important Also, most of the miscellaneous conditions are chronic 
disorders in which a temporary or partial therapeutic response is the 
rule whatever the therapy Therefore, only a moderate degree of 
therapeutic effiaency from these drugs would be expected 
Arthritis deformans C F Kunze (515) stated that the pain was 
lessened by sodium salicylate, but G S^e (150) saw no improvement. 
Mark (516) could reduce the hypercalcemia of this condition on a 
calcium-free diet though not to normal, and aad, alkali and sodium 
salicylate changed the ratio of calaum excretion in unne and feces, 
but did not alter the slight negative balance on a calcium-poor diet 
Chorea. Successful treatment of this condition has been reported 
by Fraser (517), but usage of sahcyl m this condition varies with opin- 
ions of its etiological relationship to rheumatic fever. 

Chronic gastro-enteritis Justi (386) advised 0 5 to 0 6 gram for 
adults as beneficial in this condition He regarded the use of sodium 
sahcylate as having a favorable influence on digestion Beneficial 
effects were obtained by Wagner (518) in treating gastric fermentation, 
stomatitis, intestinal decomposition and other similar conditions with 
salicylic acid 

Coryza. Sick (519) recommended acetylsahcylic acid as a prophy- 
lactic m one to two doses of 1 gram each to be taken at the first indica- 
tion of “cold in the head,” or “tickhng in the throat ” For cough, it 
was recommended by Ebstein (520). It is extensively used, in fact 
has become a household remedy, in colds, headaches, etc , in tablets or 
capsules of 0 3 gram, actmg more efficiently as an antip)T:etic and 
analgesic here than sodium sahcylate 

According to Barbour, Lozinsky and Clements (292), neocinchophen 
gives effects in colds similar to those of acetylsahcyhc acid, but the 
action is slower and somewhat larger doses are indicated, in tonsfihtis 
1 to 2 grams 

Diabetes Ebstein and Muller (521) reported a diminution in the 
volume of urine and a marked reduction of sugar after doses of 15 
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grams per day of sodium sabcjlate v Bnnken (522) reported a 
disappearance of glycosuna after four doses of 0 5 gram each of sah- 
cyhc aad followed by 8 to 9 grams of sodium sahiylate G MuUer- 
Wamek (523) stated that 9 to 10 grams given daily in three to four 
single doses caused the glycosuna to disappear so long as the agent 
was used No side actions were noticeable, etcept albummuna, which 
disappeared when the agent was stopped In the majonty of patients 
studied by Furbnnger (524), no benefiaal effects on sugar and unne 
excretion were observed No benefiaal results beyond a dirmnution 
in sugar excretion were observed by Kaufmann (525) in the majonty 
of his patients ivith diabetic coma The production of the diabetic 
type of aadosis in animats after sabcjl was pointed out in the section 
on blood 

Emcphahlts Carnot and Blamontier (526) reported prompt bene- 
fits in a grave case of epidemic encephahtis of the choreic type after 
intravenous injection of 4 5 grams sodium sahejdate daily up to a total 
of 22 grams, and in a boy with lethargic encephahtis who received 50 
grams in 8 days The same is claimed b> Denechau and Barbary 
(527) m epidemic encephalitis of a woman who received 0 5 gram 
sodium sahcylate in 4 7 per cent dextrose intravenously and 1 gram 
intramuscularly dunng 22 days 

Erythema nodosum H Ehrhch (528) claimed benefits in a case 
from “leukotropin” 10 cc intravenously, and Richartz (529) from 
anchophen in 5 cases 

B Mendel (279) reported benefits from 1 gram “leukotropin” in 7 
cases of eczema 

Gout Kunze (515) stated that tlie pain in gout was lessened bj 
salicylate Combined with colchian, Cullen (530) also found sahcvl- 
atc to be very beneficial in removing piin in gout 

Cinchophen, however, has had a greater populanty than sahcyl m 
gout Tile pnncipal basis of its use here is amlgesia Its use in the 
treatment of this condition apjiears to have been introduced by 
Wtintraud in 1911 (221), although in 1908 Nikohier and Dohrn (28) 
used it in their studies of unc aad excretion in gout on the fancied 
etiological connection of this metabolite with the condition Wein- 
tnud (236) used doses of 10 grims, the drug also lowered the tem- 
penture m tj^phoid He reviewed the literature of the time Better 
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results in acute than in chronic gout vrere reported by Deutsch (531) 
■who treated 25 cases, the drug had to be given with sodium bicarbonate 
owing to undesirable side actions Georgiewsky (330) reported 
benefits -witli daily doses of 0 5 gram for 10 days, and Zuelzer (532) 
claimed the drug’s action was so good as to be diagnostic Meidner 
(533) re\dewed the benefits of cinchophen and saJicyl in gout and 
other conditions Retzlaflf (223) claimed best results in gout with 2 
to 3 grams daily for 4 to 5 days Klemperer (450) referred to the 
use of anchophen and neoanchophen, claiming that the only objective 
effect understood was the increased mnc acid excretion, however, he 
used cinchophen extensively in rheumatic fever as an antiphlogistic 
and analgesic Fnedberg (454) reported 11 cases in which 0 5 gram 
three times daily stopped the pain, a total dosage of from 8 to 10 
grams being used 

Influenza Acetylsalicyhc acid, in small doses of about 0 3 gram, 
is commonly emplo3^ed here as an antipyretic and analgesic as in 
“colds ” Neilson (534) claims success with sodium salicylate intraven- 
ously in relieving the pain, restlessness and toxemia, but advises agamst 
its use in pneumonia Ammonium sahcylate is reported to be “cura- 
tive” and preventive (535) , however wnthout e'vidence to support this, 
and probably it acts hke any salicyl compound H Ehrhch (528) 
claims benefits in this condition "with “leukotropin ” 

Mtisadai rheumatism This w^as seen to be benefited by G See 
-(150), Schuster (536) and Derme'vnlle (537), who injected from 4 to 7 
cc first, and later 10 to 12 cc , of 2 per cent sodium sahcylate into the 
painful areas of large musdes, also a case of rheumatic tetanus by 
Wunderlich (538). 

Neuralgia and sctahca Acetylsalicy^hc add, in small doses, is com- 
monly employed m neuralgia Marked relief w'as reported by L Hoff- 
mann (539) after hourly or two-hourly doses of 0 5 gram each of sodium 
sahcylate for ten to twenty doses Salophen was reported by Lutze 
(540) as a good antineuraJgic Success in faaal paralysis 'with sahcyl 
ion medication b}'’ electrophoresis is daimed by Fionm (541). In 
sciatica, Demie-viUe (537) reported good results after intramuscular 
inj'ection of hot 2 per cent sodium sahcylate solution Good results 
■with cinchophen have been daimed by Hirschberg (542) 

Pleurisy imih efusion Koster (543) recommended 1 5 to 3 grams 
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of sodium salicylate four times daily as an aid in the absorption of the 
exudate Benefiaal effects w ere obsen'ed in se\ enteen out of tn enty- 
seven cases How ever, according to Leonhardi-Aster (544) the inflam- 
matory process m the pleura remains unchanged Leonhardi-Aster 
also observed such side actions as hemorrhagic pleuntis and hematuna 
in patients taking sahcyl The use of sahcyl in certain serous inflam- 
mations is also discussed by E Smith (545) 

Pneumonia Benefiaal therapeutic results were obtained mth 
salicyhc acid by Sebnng (546), the convalescence uas shortened, fever 
fell gradually, the pulse remained full and not overrapid and no 
cardiac comphcations were observed Benefit with “leukotropin” 
intravenously has been claimed by H Ehrhch (528) 

Psoriasis Repeated intravenous injections of sodium salicylate 
(12 cc of 20 per cent) were employed by J F Smith (547) in 57 cases, 
symptoms disappeared m 16 per cent, and partial improvement oc- 
curred in 32 per cent On the other hand, Maloney (548), using the 
same method and drug, obtained only slight benefits in 20 cases, and 
suggested that saheyhe aad externally would be as efficient as the 
sodium salt intravenously 

Pulmonary gangrene Benefiaal results were reported by Berthold 
(549) 

Scarlet fever Ramond and Schultz (424) claim good results vnth 6 
grams and upwards of sodium sahcylate daily until fever and general 
symptoms have subsided w hich usually occurs in 3 days The medica- 
tion IS resumed on the fifteenth day to prevent comphcations Under 
sahcyl the comphcations are milder and mortality low 

Subacute and chronic rheumatism No benefiaal results with sodium 
sahcylate were observed by G Stc (150) Roch (SSO) asserted that 
acetylsahcyhc aad lowers the temperature here about as well as in 
otlier febrile conditions After prolonged medication benefiaal results 
were observed by Schuster (536) After application of sahevhe aad 
(as ointment) to the skin, no benefiaal effects were obtained by Bour- 
get (64) In podagra, Kunze (515) reported that sv.elhng of the 
joints IS not influenced by the admimstration of sodium salicvhte 
In war wounds of joints, Impallomcni (551) used successfully sub- 
cutaneous and intramuscular injections of 1 gram of sodium sahcylate 
in 100 cc containing 0 01 gram of stovaine 
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Beneficial effects from cinchophen m chronic arthritis are denied by 
Oeller (447) and Richartz (529) Partial benefit is claimed by Brahn 
(552) with “leukotropin” (a mixture of hexamethyleneaimne and an- 
chophen) 8 to 10 cc intravenously, also by H Ehrhch (528) who used, 
10 cc. 

Sympathetic ophthahma H Gifford (553) introduced the use of 
salicyl in this condition He observed marked beneficial effects and 
recoveries with sodium sahcylate, acetylsahcyhc acid and other sahcy] 
compounds The usual dosage was 30 grains (about 2 grams) and 
the mechanism of action suggested was depletion of inflammed tissues 
by the dilation of capillanes Others, cited by Whitham (110), 
as having had experiences similar to those of Gifford are, Welton (554), 
Bane (555), Campbell (556), deSchwemitz (557), C Wood (558), 
Webster (559), Baker (560), Heuse (561), Lmdahl (562), Widmark 
(563) and Lees (268) Moulton (564) advises 1 grain (0 06 gram) 
sodium sahcylate for each pound of body weight to be taken in 10 to 
14 hours m panophthalmitis from injury, the sahcyl prevents blind- 
ness According to Campbell (565), sahcyl is of definite value in cer- 
tain inflammations of the uveal tract especially in sympathetic 
ophthalmia Besides lessemng pain and promoting rest and sleep, 
he thinks the inflammatory process is directly benefited Very large 
doses give the best results Acetylsahcyhc acid gives more prompt 
analgesia, and is also useful after operations on the eye, doses of about 
10 grains (0 7 gram) before retinng assure rest The studies of S R 
Gifford (117) on the distnbution of sahcyl in experimentally infected 
and normal eyes were discussed in the section on distnbution, there 
were no significant differences The antiphlogistic action in oph- 
thalmitis presumably, therefore, does not depend on a selectivity of the 
sahcyl, agreeing in this respect with the effects in other edemas 

Varicose veins Benefits are claimed by Dunbar (566) and Grzywa 
(567) in over 30 cases The veins are mj'ected with 1 cc of 20 per 
cent sodium salicylate, and, if no local reaction occurs, up to 40 per 
cent is injected The total dose of the drug should not exceed 3 
grams This treatment is claimed to be no worse or better than the 
surgical, but tends to improve the circulation in the legs It ivill be 
recalled that sahcyl softens tissues and dilates the penpheral vessels, 
but the possibflity of sloughing should be kept in mind 



S'VLICiLATES AND CINCHOPHEN IN MEDICINE 


339 


TOMCITI 

T}ie symptoms of poisoning by sabiyl and andiophen are similar 
and resemble those of cinchonism, or salicyhsm On account of its 
dose relationship to phenol, sabcyl was early suspected of toxiaty, 
but It IS the denvatnes that have been more responsible for the 
marked and peculiar side actions and fatahties than sodium salicylate 
The literature contains no report of fatalities from cinchophen and its 
derivatives The fatal dose vanes with the compound or denvative 
and with the species For convenience the fatal and toxic doses of 
the more important preparations in different speaes determined or 
reported by vanous authors and the methods of administration used, 
etc , have been summanzed m tabic 2 

Fata! dose 

The fatal dose of tlic salicyl group in different animals has been 
determined by Laborde (568), Walter (265), Blanchier (97), Oltramarc 
(356), Chanoz and Doyon (569), Houghton (77), Block (160), Waddell 
(296), Drescr (40) and Barbour and Lozinsky (299) From the sum- 
mary in table 2, it is seen that there is some vanation m the fatal doses 
of any given compound or derivative depending partly on the method of 
administration and partly on other factors Consideration of the 
details will be omitted In general, it may be said that the fatal dose 
of sodium salicylate is from 1 to 1 5 grams per kilo for all speaes ir- 
respectiv’e of the method of administration, and that tlie fatal doses of 
methyl salicylate, acetylsahcylic aad and probably also sabcyl salicyl- 
ate (salysal) arc less, i c , anywhere from SO to 80 per cent less How- 
ever, the data on the fatal doses of the denv'atives are incomplete, 
but the toxic doses in human subjects, vvhicli hav'c been ascertained 
on a statistical basis by HanzUk (298), agree vvatli this tendency’ 
Ihc fatal dose of sodium sahcylatc in man is not defimtely known, 
but may be somewhat less than, or about, 1 gram per kilo Allaire 

(570) reported a fatnhty from 30 grams, and Caiissade and Sharpey 

(571) , in their renew, report 10 fatalities wath doses from 10 to 30 
grams Assuming about 30 to 60 grams for an adult of 60 to 70 
kilos, the medi in fatal dose of 45 grams (range 35 to 60 grams) of 
methyl salicylate, in the report of Wetzel and Noursc (273), would 
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indicate that this ester and the sodium salt are about equally toxic 
The fatal doses of anchophen and its derivatives have been deter- 
mmed only to a hmited extent, but, in general, cmchophen would 
seem to be about as toxic as sodium sahc>'late, though less than 
acetylsahcyhc acid Neoanchophen, according to Barbour and 
Lozinsky (299), would not seem to be fatal m any dosage, for a quan- 
tity of 250 grams, or ~ pound, w as tolerated gastncally by dogs without 
ill effects 


Chutcal loxic dose 

This IS also called the full therapeutic dose in rheumatic fever 
because the sahcyl and anchophen are administered until gastric 
and auditory disturbances supen'ene, i e , the symptoms of “toxiaty,” 
these coinading ivith the full therapeutic benefit obtained In a 
chmeal statistical study of the toxiaty of different sahcylates in 400 
patients, three-fourths of whom suffered with rheumatic fever, the 
median toxic doses for adult males and females, respectively, were 
found by Hanzhk (298) to be as follows 180 and 140 grains (12 and 
9 3 grams) of the synthetic sodium sahc>late, 200 and 135 grains (13 3 
and 9 grams) of the natural sodium sahc^late, 120 (8 cc ) minuns of 
the methyl sahcylate, 165 and 120 grains (11 and 8 grams) of acetyl- 
salicylic aad, 100 and 83 grains (6 6 and 5 5 grams) of sahcyl sahcyl- 
ate For females the toxic dose was approximately 80 per cent of 
that for males The toxic dose of sahcyl sahcylate was about 50 per 
cent of that of methj 1 salicylate and of acetylsahcyhc acid about 60 
per cent of that of sodium sahcylate The toxic dose of the synthetic 
sodium sahcylate and methyl sahcvlate for about 68 per cent of 
individuals of both sexes was between 100 and 200 grams (6 6 and 13 3 
grams) The toxic doses of the different sahcylates was uninfluenced 
by age between 16 and 75 years, by raaal differences, xainous disease 
conditions, and therapeutic response wath the sodium sahcylate 
The median toxic doses of the different sahtyl denvatixes used by 
Hanzhk and Presho (see table 2) agree well witli tlie statistical results 
Indixaduals showed idiosymcrasy' townrd toxic doses of sodium salicyl- 
ate, but no connection was found between this and such factors as 
age, sex, race and disease condition Idiosxncrasy generally xaned 
in the same patient, and was not influenced by prexaous sahcylate 
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medication The range and distnbution of the toxic doses of sodiui 
salicylate ‘will be seen from the curves in figure 12 
According to Archambault (572), the toxic dose of sahcyl in childrej 
is higher than would be calculated for the age In children as well a 
adults, MacLachlan (573) observed that it requires much smaller dose 
of salicyl sahcylate than of sodium sahcylate to produce toxic effects 
The data on cinchophen are not extensive, but the reports of Hanz 
hk, Scott, Weidenthal and Fetterman (291), Barbour, Lozinsky anc 
Clements (292) and Miller and Boots (295) indicate that the toxic 



Fig 12 Rakce and Distribution of Fult Therapeutic or "Toxic” Doses op 
Sodium Sahcylate Based on Clinical Statistics 

The continuous line represents males, the broken line, females 


doses of cinchophen and its ethyl ester are about the same as that 
of sodium sahcylate, i e , about 11 grams, and of neoanchophen ap- 
proximately 40 per cent higher, i e , about 15 grams 

Symptoms %n animals 

In dogs, Bochefontaine and Chabbert (574) and Laborde (568) 
observed that an injection of 5 grams of sodium salicylate caused at 
first a slight acceleration of pulse and respiration and nausea, followed 
by efforts at vomiting, diarrhea, muscular depression, ataxia, dyspnea, 
general convulsions, circulatory collapse and death from asphyxia 
The same was observed by Blanchier (97) in dogs, and this observer 
inadentally remarked that if the kidneys are diseased, elimination is 
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slow, and the accumulated sahcyl will gi\e nse to trouble From 
experiments on animals, Clurone (575) concluded that the toxic 
action of sahcylates is due to a more or less energetic decomposition of 
hemoglobin According to See and Lahalle (361), the central nervous 
s>stem IS modified only by toxic doses, when sensation, motion and 
reflex movements disappear, and death is always preceded b> convul- 
sions Quincke (576) reported the following symptoms, vomiting, 
dizzmess, disturbance of sight, delinum and dyspnea, very large doses 
slowed the pulse and respiration, and the final picture ended up in 
collapse and cardiac paralysis In experiments on rabbits, Chartens 
and McLennan (577) observed that injections of sodium sahcylate 
caused circular and rotatoiy motions of the body with paresis and 
finally paralysis of the hind limbs, progressive prostration with com- 
plete muscular paralysis and death The early symptoms descnbed 
by Chartens and MacLennan were not observed by Waddell (296), 
and in rabbits, rats, and cats, the sjinptoms of intoxication by hypo- 
dermic injection of sodium sahcylate were early vomiting (within 20 
minutes), except those animals that cannot vormt (rodents), reflex 
exatabihty and convulsions, termmating m death from asphyxia in 
about 6 hours after acutely fatal doses, in 18 hours after just fatal 
doses Chistom and Lapresa (141) considered acetylsahcyhc acid 
to be twice as toxic as sodium sahcylate in dogs and rabbits, the 
greater toxiaty being attributed to the acetyl radicle Ethyl sahcjl- 
ate caused nausea and vomiting in guinea pigs, accorchng to Houghton 
(77) 

Toxic doses of anchophen in frogs, mice, cats, dogs and rabbits 
were found by Starkenstein and Wiechowski (230) to cause mild con- 
vulsions and paresis, coma in dogs and cats Intravenous injection 
m rabbits caused central vagus and vasomotor stimulation followed 
by depression, paraljsis, fall of temperature, asphyxia and collapse 
Rotter (578) reported that anchophen was deadedly more toxic m 
cold blooded animals than in the warm blooded, causing central par- 
aljsis m frogs Starkenstein (320) came to tlie conclusion that frogs, 
mice and rabbits were much less susceptible than cats and dogs, the 
sj mptoms of toxiatj' in the latter speaes being characterized by motor 
irntalion and piraljsis Barbour and Lozinsky (299) found that 20 
per cent suspensions (in acacn) of acetjlsalicjlic aad and anchophen 
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were about 10 times more toxic than neocinchopben in rats, neocincho- 
phen was also least toxic to dogs 

Symptoms in man 

These are the same for salicyl and cinchophen and are characterized 
by deafness, ringing and buzzing in the ears, headache, nausea and 
vomiting, and sometimes diarrhea With salicyl they were first ob- 
served by Stncker (426) and later reported by Peterson (579), DeseiUe 
(287), Hall (215), Tuckwell (582) and aU subsequent observers De- 
hrium, mania and hallucinations after salicyl have been reported by 
Caussade and Sharpey (571), Dahy (580) and Krueg (581) Marshall 
(583) observed drowsiness with tuntchmg of muscles and suppression 
of perspiration after 13 3 grams of sodium sahcylate According to 
Moore (286), nausea can be prevented by the addition of a few drops 
of chloroform to the salicylate The toxic dose of strontium sahcylate 
(12 grams) was found by Blankenhom (584) to be the same as that of 
sodium salicylate, the symptoms being exactly the same and thera- 
peutic efficiency no better 

Differences in sensitivity to sahcylates were reported by Douglass- 
Hogg in 1877 (585) Richardson (586) cautioned against collapse 
after sahcylic acid Marked changes m respiration, great increase 
in pulse rate and collapse were reported by Wecherlmg (587) Un- 
desirable side actions after 4 grams of sodium sahcylate were reported 
by Lurmann (588). These consisted of a marked fall in temperature 
with shivering, and of edema of both extremities m a case of arthntis 
deformans These effects occurred with repeated admmistration 
Allaire (570) reported similar symptoms together with anuna and 
lessened secretion of saliva after 50 grams of sodium salicylate Clay- 
borne reported the presence of absolute scotomata in a patient made 
toxic with sodium salicylate Besides the above symptoms, Langmead 
(590) reported the presence of acetone in the unne and breath of chil- 
dren poisoned with sodium sahcylate and acetylsahcyhc acid, 2 cases 
resulted fatally Recently, Kiess (591) reported vomiting, pain and 
weakness in 3 subjects ranging from 5 to 22 years after the cutaneous 
apphcation of 6 per cent salicylic aad in 95 per cent alcohol contaimng 
15 per cent oil of cade Two children, 5 and 7 years of age, died 
These patients were treated for hypertrichosis and scabies and their 
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bodies Dere covered with the sahcyl preparation The deaths may 
ha\e been due to other causes, but the other symptoms were unmis- 
takable A similar 2 per cent sahc> 1 preparation ga\ e nothing unusual 
in 200 other children 

An erj'thema has been frequently met with in the treatment of 
rheumatism with sahcyl This was reported by Heinlein (592), 
Erb (593), and Beicr (594) Treufel (595) stated that erythema can 
be avoided by combining sahc 3 ’Iitcs with hyperemia treatment, 
massage, and baths Evanthema bullosum after the administration of 
4 grams of sodium salicylate is reported by S Rosenberg (596) 
There was burning of the skin with edematous swelling of lower 
eyehds, the face became bluish red and the entire body was covered 
with bluish red spots, after an additional dose of 7 grams bullae were 
formed, and a repetition of previous symptoms Purpura following 
the administration of salicjdate was reported by Ramond (597) 

Lees (268) claimed that the administration of sodium bicarbonate 
with salicylate modified or prea ented the appearance of sjinptoms of 
intoxication and even convulsions However, this is not true, for 
all the sjmptoms of toxicity occurred in the human subjects of Hanz- 
hk, Scott and Thoburn (339) and of Hanzhk, Scott and Rej craft (163) 
receiving bicarbonate Moreover, bicarbonate and salicylate arc 
routinclj prescribed together in many quarters and the occurrence of 
symptoms of toxicity is well known According to Meara (270), the 
use of alkahes witli sahcylates has been dictated more by tradition than 
by any rationale, and many side actions, such as retinal hemorrhages, 
are comparatively rare, and may be due to the disease rather than to 
the drug A Lambert’s (598) recommendation, in case a particular 
sahc>l denvative produces unfavorable side actions, to try out others 
in turn until one is found wluch is favorably tolerated wall give only 
partial success It wall succeed only wath respect to a somewhat better 
taste and gastnc tolerance of the less soluble derivatives However, 
it does not avoid the sjanptoms of “toxiaty” and possible side actions, 
for all the members of the sahcjl and anchophen group possess these 
in common, and, in rheumatic fever, full therapeutic cfficicncj and 
toxiatj go hand in hand It is futile to search for non-tovic, j'ct 
therapeutically cflicicnt, substitutes or denvatives in this condition 
Absence of toxiatj means absence of thcraiKutic effiaenej 
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The post-mortem changes in fatal poisoning from sodium sahcylate 
have been reported by Quincke (576) to consist of destruction of blood- 
corpuscles, congestion of most viscera and ecchymoses in serous mem- 
branes, cerebral hyperemia by Apolant (599) According to Baldoni 
(600), therapeutic doses of salicyl sahcylate can produce changes in 
the blood, vessels and spleen In the spleen a necrosis of the lymphoid 
elements of the malpighian bodies appeared Vinci (345) reported 
nephritis, and in rabbits, Hanzhk and Karsner (341) demonstrated 
tubular nephritis 

Poisoning from methyl salicylate (oil of gualtheria) has occurred 
qmte frequently, and at least 6 deaths are recorded in the hterature 
The symptoms are similar to those of poisonmg from sodium sahcylate, 
differing only in degree In McNerthney’s (601) case of fatal poisoning 
with oil of wintergreen in a child 3 years old, the symptoms consisted 
of nausea, vomiting, epigastric pain, slight opisthotonus, twitching 
of limbs, dilatation of pupils, rapid pulse, slow and labored respira- 
tion, hot and dry skin, and marked thirst Wetzel and Nourse (273) 
have recently summarized a number of reports on this poisoning and 
report a case of their own of fatal poisoning in an infant 21 months old 
who sallowed 10 cc of pure oil pf wintergreen Marked ketosis was 
observed, and major nervous symptoms such as convulsions, chronic 
or toxic spasms of the extremities and hemiplegia There were con- 
gestion and hemorrhages in viscera, especially multiple subserous 
hemorrhages of the heart, lungs and meninges, parenchymatous hemor- 
rhages of the brain, lungs and kidneys, and extensive subdural hemor- 
rhages Other severe poisomng in children from 2 to 9 years have 
been reported by H B Myers (602), H C Wood (603), Gallaher 
(604), Hamilton (605), StiUe (606), and in adults by H C Wood (603), 
Jewett (607), Rosenbloom (271), Rosenbloom and Johnson (608), 
Legrain and Badonnel (609) and Emenheiser (610) Marked short- 
ness of breath, or air himger, is emphasized by the majority of re- 
porters, also a semicomatose state, then coma, cyanosis and death 
Recoveries among the adults have occurred from 30 cc , and fatahties, 
in 3 patients, from 30 to 55 cc Chatm and Giunard (611) found the 
actions of methyl sahcylate and methyl sodium sahcylate to be 
identical Baum (612) reported an amblyopia of five days’ duration 
after large doses of the essence of ^vinte^green, Gibson and Felkin 
(613), excessive miosis and loss of light reflex 
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The tOMCity of the methyl salicylate is due partly to absorption 
of the unchanged ester In the majonly of cases of jioisomng, the 
unnes ha\e smelled strongly of wintergreen The excretion of the 
ester ivas discussed m the section on excretion In the patients studied 
by Hanzhk and Presho (24), delayed and irregular absorption ivas 
charactenstic The absorption appeared to be delayed as much as 10 
hours, and suggests that chemical antidotes and lavage -would be valu- 
able in the treatment of poisoning sometime after swallowing the 
ester In Legrain and Badonnel’s case there ivas also a delay, no 
marked chsturbance occurnng during 10 hours Since the cause of 
death is concerned intli arculatoiy depression and cardiac paralysis 
as with other sahcyl compounds, treatment would be directed at the 
circulations All this means that the internal admimstration of the 
ester should be done cautiously, if at aU, its use bemg preferably con- 
fined to external apphcation 

Since the symptoms of anchophen and its ethyl ester and neocin- 
chophen are identical with those of sahcyl, no further descnption is 
necessary Hanzhk, Scott, WeidenUial and Fetterman (291) found 
them to be somewhat less frequent and pronounced with neoancho- 
phen than \nth anchophen in corresponding doses The difference is 
only quantitative, however, and concerned with the poorer absorption 
and solubility of neoanchophen, for more pronounced and regular 
to-acitj is obtainable with increased dosage From the results of 
Miller and Boots (295), about the same holds true of the ethyl ester of 
anchophen As for side actions, the tendency to urticaria was found 
by Mj ers, Kilhan and Chace (293) to be more marked with anchophen 
than with sahcjl The more marked gastnc irntation with ancho- 
phen than ivitli neoanchophen has been mentioned preiaousty Be- 
sides gastnc irntation, Schroeder (614) reported general itching, 
eruptions, edema, fever, headache, etc , after anchophen in 17 pa- 
tients He adiased administration of sodium bicarbonate, calaum 
as in cxudatiie conditions, and liberal dnnkmg of water with the drug 
to reduce and prevent these effects Scullj (615) reported an anaphy- 
lactoid reaction to anchophen analogous to that from a foreign pro- 
tein Apparently manj persons have a pecuhar idiosjncrasy toward 
this drug as they ha\e toward aceljlsahcyhc aad Neoanchophen, 
according to Barbour, Lozinsky and Clements (292), appears to be a 
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rather inert drug as to side-actions, etc Oeller (447) claimed that the 
urine of patients receiving neocinchophen acqmres a pecuhar charac- 
tenstic odor which is marked with large doses 

Idtosyncrasy io acetylsaUcyhc acid 

Hypersensitivity to small doses of this derivative is more common 
than to the other salicyl compounds It resembles the anaphylactoid 
phenomena, and is characterized by exudative features, suggesting an 
increased capiUary permeabihty as the basis of the action, and in 
which the acetyl group appears to play an important part The 
mechanism is not understood, but it may be that the hpoid solubihty, 
and, therefore, permeabihty, of this compound is better than that of 
sodium salicylate It will be recalled that it circulates unchanged in 
the body, and its toxicity is higher than that of sodium sahcylate 
From their experiments in vitro indicating some reduced binding of 
free sahcylic acid by serum of asthmatics hypersensitive to acetyl- 
salicylic acid, discussed in the section on absorption. Van Leeuwen 
and Drzimal (124) claimed that the results indicated a higher con- 
centration of the free drug in the blood exerting a more pronounced 
action than if it were bound After all, this does not explain the effects 
of acetylsalicylic aad, which exists in the circulation as the sodium 
salt, nor is it likely that the binding of added sodium salicylate would 
be the same as of sahcyhc aad 

The following symptoms have been reported Constriction and 
edema in the throat ivith dysphagia and salivation by Otto (616), 
congestion in the nose, swelhng of eyelids, edema of pharynx and 
salivation by Hirschberg (617), Gilbert (618), and Morgan (619) 
In Morgan’s case, the diet contained fish and other preserved foods 
of animal ongin, so that the urticaria and angioneurotic edema could 
be explained by this factor Congestion and edema of the pharynx 
with salivation and symptoms of choking with dysphagia after 5 to 
10 grain (0 3 to 0 6 gram) doses have been reported by Macht (620) 
Edema of the eyelids and other symptoms of poisoning have been 
reported by Graham (621), Buhlig (622), after 10 grains (0 6 gram), 
Hansen (623), and Hearne (624) Kitchin (625) reported the case 
of a medical student who responded to 0 3 gram of acetylsalicyhc acid 
at the end of 2 hours mth severe angioneurotic swelhng of the face 
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and arms, and to second, third and fourth doses mth large urticanal 
rvheals on the trunk and hmbs and marked itching lasbng 36 hours 
After 1 gram, Suan (626) observed sueUing of the upper hp, tlie suell- 
ing soon extended to the entire head and uas not reheved by cold 
applications, deglutition rvas painful and the pulse and respiration were 
increased There seems to have been an unusual delay in the appear- 
ance of these symptoms Berhoz (627) is the only one to claim that 
undesurable side actions are less common mth acet>lsalic>’hc aad than 
with sodium sahcylate 

The death of a fetus as the result of the admimstration of salipynn 
has been reported by Teilmann (628) 

Proceeding on the assumption that the hypersensitivity to acetyl- 
sahcyhc aad in their case was analogous to protein anaphylaxis, Widal 
and Vallery-Radot (629) claim desensitization of a patient, who had 
reactions to the drug 9 years, by the admimstration of the drug in 
increasing doses of from 0 005 to 0 03 gram at 1 hour intervals re- 
peated 13 times dunng a penod of 6 weeks Labbe and Haguenau 
(630) proceeded along somewhat the same hne, but claimed a kind of 
cross sensitization, perhaps from dietary articles They desensitized 
by giving a small dose of the drug 1 hour before the full dose, the 
desensitization was temporary However, the fundamental rcasomng 
here is fallaaous, for the pecuhar reactions to acetylsalicyhc aad occur 
in previously untreated (unsensibzed) individuals, and, therefore, 
the condition does not correspond to protein sensitization There 
would seem to be no doubt that, in such individuals, there is a pre- 
existing altered general functional state, probably m virtue of physical- 
chemical conditions in the cells and their media It is pecuharly 
true that hypersensitive individuals give altered responses to a vancty 
of agents physically and chemically different, and, therefore, there is 
nothing speafic about it The vanous aspects of the allergic state 
cannot be considered here, but a summary of the probable basis has 
been considered in a paper by Hanzhk (631) 

Acetylsahcylic seems to partake of a narcotic action to some extent, 
as it appears to promote sleep m some individuals Macht (632) 
reported habituation m an mdmdual who consumed from 25 to 60 
grains (1 6 to 4 grams) dail> during 2 years for rehef in pcnostitis 
and osteitis The habit grew from taking 5 grains (0 33 gram) for 
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relief of these conditions Constipation, digestive disturbances and 
low blood pressure were present 

“Nahtral” and synihetic salicylates 

Until 1911 to 1913, there was a behef among clinicians, practitioners 
and toxicologists that the salicylates made from some natural’oil (as the 
oil of sweet birch) were less toxic than those prepared synthetically 
This idea has been particularly fostered by interested manufacturers 
Among the first to offer experimental ewdence that the synthetic 
sodium salicylate might possess greater toxiaty w'ere Chartens and 
MacLennan (577) From two expenmen ts on rabbits, they concluded 
that “natural” sodium sahcylate was less fatal than the synthetic 
Later, Chartens (633) claimed to have estabhshed, in experiments on 
animals, that the greater toxicity of the synthetic salt was due to cer- 
tain impurities (either accidentally or carelessly obtained during 
manufacture) such as cresotmic acids, particularly the paracresotinic 
acid Dunstan and Bloch (634) found ortho-, meta- and paracreso- 
tinic acids in specimens of synthetic sahcylate and beh'eved that this 
would explain the reported toxicities 

Stokvis (635) claimed without convinang proof that the natural 
acid was less toxic than the sjmthetic because of its greater osmotic 
properties, this favonng elimmation Many chniaans of Charteris’ 
time were of the same opimon, however, not a single iota of evidence 
was offered by any of them that would definitely prove the greater 
toxicity of the synthetic sahcylate A review of nearly all of the clin- 
ical papers on this phase of the question was made by Eggleston (636), 
who showed there was no defimte or serious clinical or experimental 
evidence one way or the other 

In 1890, Stockman (637) became suspicious of Charteris’ expenmen- 
tal evidence and the claims of the older chnicians He objected to the 
statement that the toxic impurities in the artificial sahcylate was 
cresotmic aad, because Buss (85) and Demme (638) had used it in 
place of sodium sahcylate in treatmg children, and without observing 
any untow’^ard symptoms May (461) stated that from 90 to 120 
grains (6 to 8 grams) of ^-cresotinic acid had been administered with- 
out producing toxic symptoms, and, from expenments conducted by 
himself, May concluded that the cresotimc acids resembled sahcyhc 
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aad as antifermentatn es, bactenades, antipjTetics, and Uiey relieved 
rheumatic pain The lo\ic effects in animak were about the same, 
although the ortho aad uas more depressing to the arcuhtion 
This shoved that if the S)mthetic salicylate contained an impuntj' no 
more toxic than the salicylate itself, tlie greater toxiatj could not be 
attnbuted to the impuntj’ The experiments of Charteris vere re- 
peated and extended bj Waddell (296) Waddell could not confirm 
some of Chartens’ results, and shoved definitely on cats, rats and 
rabbits that there were no demonstrable differences betveen tlie 
toxiahes of the “natural” and synthetic sodium salicylates and the 
sodium paracresotmate Mixtures of tlie paracresotmate and the 
different sahcylates exhibited no greater toxiaty than tlie components 
The fatal and toxic doses obtained by Waddell hai e been already re- 
ferred to, and these vere practically the same for the different salicjd- 
ates and the paracresotmate Stockman (460) shoved, in observa- 
tions on patients, that die actions of sodium salts of the ortho-, meta- 
and paracrcsotinic aads did not differ from those of sodium salicj late 
Later chnical evidence supported these expenmental obscrv’ations 
on animals and patients This was obtained from several clinicians 
in different parts of this country, who were unaware of the character 
of the sahej late, i e , “natural” or synthetic, submitted to them for 
use in treatment of patients ill vitli rheumatic fever and otherwise 
The results were summarized bj A W Hevlett (619), who could find 
practically no difference in the toxic symptoms, size of dose or tliera- 
peutic responses watli the salicylates of “natural" and syntlietic 
ongin All of the reports vere in uniform agreement As to the 
vahditj of tlie claims for the existence of impurities m the “synthetic” 
sahc>latcs from the chemical standpoint, Uie paper by Ililpert (16) 
may be consulted This emphasizes the fact that sahcylates of mod- 
em manufacture are practically free from impurities, and these include 
those of so called “infenor” as well as "superior” grades In fact, 
the “natural” salicylate ma> contain more impunty than the sj nthetic 
It must be concluded from all this that there are no demonstrable 
differences in tlie toxicities and therapeutic cfliaenaes of the “natural” 
and sjntlietic sahcjl ites 



354 


P. J. HANZLIK 


METHODS OP ADMINISTRATION 
Oral 

This is the most common method used for adnunistering sahcyl 
and cmchophen and is efi&cient because nearly all the preparations 
are readily absorbed, the insoluble and unabsorbable compounds are 
rendered soluble and absorbable partly as such and partly after decom- 
position Neocmchophen is so poorly soluble that it can be given only 
by mouth There is no good reason why any other method should be 
generally adopted Other methods do not avoid the emetic action, 
since this is central Nausea from gastnc irritation can be reduced 
by the admimstration of bicarbonate together with sodium salicylate 
or cmchophen Accordmg to Wemtraud (221), administration of 
bicarbonate together with cinchophen is indicated to prevent precipita- 
tion of urates in the urine The sahcyl derivatives are apt to cause 
qmte as much gastnc disturbance as ordinary salicylate Neoancho- 
phen appears to give the least disturbance, but its expense and the 
larger doses necessary for therapeutic effects outweigh the small 
advantages 

For headaches, colds, etc , single doses of from 0 5 to 1 gram of 
sodium salicylate or cinchophen are usually administered, 0 3 gram of 
acetylsahcylic acid, and about 1 5 grams of neocinchophen In 
rheumatic fever, the intensive method is used and consists of admims- 
tenng 1 gram (or about 0 15 to 0 2 gram per kilo) of any of the mem- 
bers together with an equal quantity of bicarbonate every hour until 
symptoms of ''toxicity" (sahcyhsm) supervene Then the administra- 
tion may be stopped, and in many instances no fmther administration 
IS necessary Some prefer to continue the admimstration, using 1 gram 
2 to 3 times daily for several days whether symptoms are present or 
not Recurrence of the fever or other symptoms is always an indica- 
tion for further administration Salicyhc aad should not be employed 
for internal admimstration on account of the marked gastnc irritation 
Lecoq (642) ascertained that as little as 0 69 gram of sahcylic acid 
was not tolerated by infants and adults unless neutralized with 
bicarbonate. 
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Rectal 

This method has been ad\ ocated by Hejm (89) after expenences 
with 122 cases The following adxantages are claimed (a) ease of 
administration, (6) ready absorption, (c) minimum of untoward 
effects, (d) easy remoial of excess by enema, (c) results are more 
prompt than by other methods The first adult dose consists of 8 to 
10 grams of sodium salicylate dissolved in 120 to 180 cc of plain or 
starch water containing 1 to 1 5 cc of tincture of opium This is 
repeated m 12 hours if s> mptoms of sahcylism do not appear The 
largest dose given was 24 grams Tlus would seem to have some 
ad\ antages for children and for avoiding the taste and gastric irnta- 
tion, but not toxiaty Irving (640) uses from 1 to 3 grams (0 06 to 
0 2 gram) per pound of body w eight, in starch paste or mualage of 
acaaa, once or twice daily in children to avoid gastnc irntation 
The latter is also testified to by Yague (641) The rectal method 
would be useful in case of anatomical defects of the upper alimentary 
tract 


Intravenous 

F Mendel (643, 644) recommended the following solution m rheu- 
matic fever, sodium salicylate 8 grams and caffein sodium sahcylate 
2 5 grams dissolved m 50 cc of water One-fourtli of this solution 
(equivalent to 2 grams of sodium sabiylate) is injected as a single dose 
in an adult, and this is repeated every twelve hours for three daj s or as 
often as necessary The effects are prompt Other advocates of 
intraxcnous sahcyl therapy in rheumatic fever and other rheumatic 
affections are Lesnfi (645^ w ho injects a 50 per cent solution of sodium 
sahej late using 0 25 gram for each y car of the child’s age , Lutembicher 
(646), who employs a 3 3 percent solution and 3 grams of the sahcj’late 
twice dailj , Gilbert, Coury and Benard (647), who inject from 0 25 to 
2 gnms, hlatta (648), who uses 5 to 10 grams, Cemadas (649), who 
gi\es daily injections of 6 cc of a mixture of 5 grams sodium sahcylate 
and 0 25 gram caflfeme in 25 cc of water, and Carnot and Blamontier 
(526), who use from 4 to 6 grams dailj and claim 1 to 3 grams sodium 
salicjlate preient involvement of the endocardium The various 
advantages claimed bj these adv'ocatcs of the intravenous over other 
methods of administration, namely, the avoidance of gastnc disturb 
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ance, emesis, and side actions in general, Hie prevention of cardiac 
involvement, and more rapid absorption and action are unsupported 
by a single iota of evidence The various evidences that have been 
cited throughout disprove these claims Absoiption is rapid by 
mouth, the drug is not antiseptic and does not beneficially influence 
the endocarditis; the emesis is central and gastric irritation can be 
ehminated by the use of bicarbonate There is, therefore, no good 
excuse for giving any of these drugs intravenously In fact, when 
administered in that way they can cause considerable harm to the heart 
and other important organs, resulting m collapse The object of the 
caffeine in some of the solutions is to correct or prevent the collapse 
action Undesirable physical and chemical changes in the blood, and 
symptoms, in dogs injected intravenously ivith sodium sahc^late have 
been demonstrated by Hanzlik, De Eds and Tamter (650), and a 
diminished permeability of the liver of dogs to rose bengal by Hanzhk 
and De Eds (651) 

The same apphes to the use of cmchophen intravenously This 
has been used by B Mendel (279) in the form of “leukotropin," a 
mixture of hexamethyleneamine and dnchophen, and in the form of 
“atophanyl,” a mixture of equal parts of dnchophen and sodium 
sahcylate containing procaine, by Sundermann (652) and Wessel (653), 
but IS obviously polypharmacal and superfluous, if not dangerous 

M tscellaneojis 

Hypodermic administration of sodium sahcylate has been advocated 
by Behr (654) and Seibert (655), but strongly opposed by Brugsch 
(656) on the grounds that it is painful and gives no better, if as good, 
results as oral administration No side actions occurred until about 
5 grams of the drug were injected The method is, of course, effective 
in animals Intra-articular injection of sodium sahcylate has been 
practiced by Santini (657), but is painful and the method is obviously 
limited by the inaccessabihty of many joints The cutaneous method 
is employed with salicyhc aad and methyl salicylate in the form of an 
ointment, in oil or as hniment for local effects For eczema and certain 
other dermatoses a plaster contaimng sah'cyhc add has been recom- 
mended by H S. Klotz (658). The method is useless for secunng 
systemic effects in the treatment of rheumatic fever because the ab- 
sorption IS irregular and ineflident 
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EABL\ STURITS OF BOD\ TYPES 

The question of a connection between external appearance and 
mental functions has been an ancient preoccupation of the human 
Wind In following the histoncal dcaelopmcnt of this subject, one 
finds that there enters nearlj alwaas into tire discussion the precon- 
cened mtuitiae idea of an essential unity betvecn the morphological 
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and psychic aspect of the indi\ddual This varies only more or less 
formally vrith the development of philosophical ideas concemmg the 
relations of mind and body. It thus happens that until comparatively 
recent times whenever we look for precise definitions of supposed body 
t3p)es we find psychobiological elements, like physiognomy, general 
attitude and posture entering into the description, and when we 
examine descriptions of personality or temperament tj^pes we find 
admixtures of signs taken from humoral pathology, physiology and 
morphology* ^ 

The Hindus (53) (88) distinguished three types of man, called 
symbolically the hare, the bull, and the horse, and three types of 
woman, the deer, the mare, and the elephant, supposedly characterized 
by special qualities of body outline, size of genitals, hair, voice, emo- 
tional tendencies, etc The hterature on the doctrme of tempera- 
ments, based on Galen’s theory'’ of Krasis,^ contains descriptions •with a 
similar mixture of morphological, physiological, and psychological 
elements, w*hich makes it often difficult, if not impossible, to determme 
what the various authors meant by their descriptions of temperaments 
This holds true also for the nineteenth century medical literature con- 
cerning temperaments The “classical constitutions,” the lymphatic, 
the sanguine, bilious, etc, were stiU taught in the course on the prac- 
tice of medidne by* Sir Grainger Stewart at Edinburgh in 1890 (58). 
An extreme and ludicrous example is the distinction of the hemorrhoid 
and melanchohc temperament by Stahl (81), the forerunner of Lavoi- 
sier. It is not astonishing, therefore, that the knowledge of morpho- 
logical body* ty*pes made very’^ slow progress The history of racial 
anthropology affords an analogy where Linnaeus, the first scientist to 
give man a place in the “natiual system,” gave a description' of four 
races, Emopaeus albus, Americanus rubescens, Asiaticus fuscus and 

^ Compare the derivation of such words as hypochondriacal, phlegmatic, etc , and the 
traditioiial body types of dramatic characters such as Henry Percy (Hotspur) and Falstaff 
in Shakespeare’s “Henry IV,” Hamlet, the rejuvenated Faust and Mephisto In order 
to realize how closely' body U-pe and character are interwoven in the ey'es of the spectator, 
one has only to attempt to insualize Hamlet lookmg like Falstaff, or Falstaff having the 
physique of Mephisto 

*The Greek word kpaa-n (mixture of body Quids) = tempenes, the root of the 
word temperament. 
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Afncanus niger in whicli the mam diaractcnstics include skin color, 
body shape, posture and temperament (Scheldt, p 5 (75)) 

BEGINNING or MEDICAL ANTHROPOMETRIC STUDIES 

In medical literature the studies of morphological-phj siological 
types and temperaments, peculiarly intermingled as the> uere, Mere 
from the beginning of saentific mediane influenced bj the important 
consideration of disposition to disease Hippocrates kneiv a habitus 
phthisicus and apoplecticus Galen taught that the human constitu- 
tion (xaTaffKeuij), in the Galenic and post-Galenic writings often used 
synonymously with habitus (<fii), nature (ipisit) and disposition 
(Stadeais), comes through a disease process (Tados) to a state of disease 
(riSo-oi) (Gunther, p 2 (28)) It was not until i860 that Wunderhch, 
who himself distinguished more physiologically an irntable, strong and 
limp constitution (Wuth, p 5 (93)), spoke of a promismg program 
for exact analysis and measurement of the physical constitution 
(Gunther, p 3 (28)) The rise of cellular pathology on the one hand, 
and bacteriology on the other, prevented for a long time the realization 
of this program 

The Italian de Giovanni (24) seems to have been the first ph^siaan 
wrho attempted on a large scale the investigation of physical habitus 
m relation to disease He fell into the extreme of trymg to prox c that 
"the cause of the speaal morbidity of the organism resides in its speaal 
morphology” (p 66) His methods, how oxer, xxere imperfect, his 
conclusions xevy dubious The historical antagonism between mor- 
phological constitutional research and bactenology is well illustrated 
in his book, as when he speaks of his reticence toward “the parasitic 
theories’' (p 96-97) and daims that in the human body die diplococcus 
of the salix'a can be transformed into the pneumococcus and meningo- 
coccus (p 96) Nex’crtheless, his researches were both stimulating 
and suggestixe and he became the founder of a productixe school of 
clmical anthropometnsts (Viola, etc.) De Gioxxinni described four 
morphological tj^pes, or“combmations,”as he calls them, mainly on the 
basis of the dcxelopment of bod> cnxntics These “combinations” 
(to be discussed later) arc, as Bauer (5) states, the prototypes of the 
body forms desenbed bj Kretschmer (44), who has attempted to 
correlate them with the madcncc of definite forms of mental disease 
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ANTHROPOMETRIC STUDIES IN PSYCHIATRY 

In psychiatry, just as in general medicine, consideration of the 
physical constitution is bound up for a long time with the post-Galenic 
descriptions of “temperaments” in what we now know to be a strange 
mixture of fancies and facts It seems interesting that in the very 
beginning of scientific psychiatry Esquirol (17) compiled statistics 
regarding the external appearance of his patients He made the 
following table (p 157) • 



[ embonpoint mediocre 

122 

Habitudes ext6neurs du corps 

•( maigreur 

60 


( ob6sit6 

6 

Taille® . 

. . ••• / ^levSe 

102 


i petite 

19 


In the same chapter Esquirol states that generally those patients who 
are strong and robust (sangume temperament) tend more to an acute 
course of the psychosis "with more definite crises, whereas others (with 
a lymphatic temperament) tend to a more chronic and dementing 
course of the disease^ This passage where Esquirol mentions the 
physical constitution of his mental patients is the more remarkable 
because it is the only one where Esquirol, whose nosological classifica- 
tion is otherwise purely symptomatic-scholastic, seems to antiapate 
in a way the modem distinction of affective (manic-depressive) re- 
action t3q)es with acute, attack-hke course and schizophrenic reaction 
types "With more chronic and often deteriorating development ^ 

The modem scientific morphological studies in general medicine, 
undertaken ■with the view of finding correlations ■with definite systemic 
■diseases (de Giovanni) were suppressed by the sensational success of 

’ La taiUe (French) = body height = stature (anthropological terminology) 

* Compare also Pntchard (70) “It has been observed by M Esquirol, that when per- 
sons of the lymphatic or phlegmatic temperament, or those who have a pale etanguious 
consbtution, fall mto mama or monomania, their disorder is more liable than that which 
■occurs m other constitutions to pass into dementia or mcoherence ” 

* It may be noted as a digression that Esqmrol also knew the occurrence of cyanosis in 
hands and feet of schizophrenic patients In the good description of a case under the 
diagnostic headmg of “melanchoha,” which leaves no doubt that the case is one of rvhat 
we would now call schizophrenia, he says “Ses mains sont souvent violettes ainsi que 
ses pieds ” 
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cellular pathologj' and bactenolog> They ivere re wed only with 
the nse of modem endocnnology This renewed interest in morphol- 
ogy was based on the observation that, due to certain endocrine dis- 
orders, individuals show morphological changes and that these individ- 
uals, as for example in cretinism and acromegaly, tend to lose their 
raaal and family resemblance, but show a morphological similanty 
among each other (Wuth (93), p 1-2) These endocnnological 
studies w'ere fruitful in certain definitely pathological cases In regard 
to morphological (and psychological) types they have jnelded verj 
little that may be regarded as definitely established 
The investigation of the phjsical constitution in psychiatiy was 
deflected m a different direction Influenced by Gall, though op- 
posed to his doctnnes. Morel (61) propounded his theory of degenera- 
tion which has influenced ps>chiatnc thought profoundly until the 
present day Physical signs of degeneration were the basis of Morel’s 
ideas, he found it necessary in order to understand degeneration to 
study the "natural history of man ” His knowledge of physical signs 
of degeneration, however, was scanty He laid particular stress on 
the variations in the human ear, of which he descnbed one form, the 
so called Morel ear On this subject sprang up a whole special htera- 
ture m psychiatry In his laterwork, “Trait6 des maladies mentales,’’ 
Pans, 1860, where he stresses again and again bodily degeneration 
as the basis of hereditary mental disease, he devoted only five of 860 
pages to the descnption of physical signs of degeneration The 
reticence of Morel is in contrast to the enormous expansion of the doc- 
tnne of mophological degeneration signs by Lombroso, who studied 
mophological anomalies pnmanly from the point of view of cnminol- 
ogy Both Lombroso’s anthropological and statistical methods were 
uncntical Many of his results were disprov'ed when more exact 
methods were employed Little today remains vahd of Lombroso’s 
life work, and whatever is left of the physical signs of degeneration, 
the stigmata hereditatis as Morel called them, belongs to the sphere of 
constitutional variations and diseases Theoretically these phy'Sical 
signs of degeneration, as they art wrongly called, arc of great interest 
Their study' wath regard to etiology and correlation with other mor- 
phological signs IS by no means completed Figure 1 shows an ex- 
ample of a mophological charactenstic wluch has been regarded as 
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environmentally determined, but which is really constitutional, 
namely the atrophy of the fifth toe in man Schultz (79) descnbes a 
morphological vanation which might easily be mistaken for a constitu- 
tional racial stigma but which he proved to be environmentally deter- 



Fig 1 Foot ot an Egyptian Mommy of the XI Dynasty — about 1300 B C 
Centdeies before Boots Appeared in Egypt 

The last phalanx is diminutive, and its joint is ankylosed From photo by Dr George 
Sobhy, Cairo, m Journal of Heredity, 1917 

rmned, namely the pecuhar position of the fifth finger of the Rama 
Indian (see fig 2) Lombroso’s interpretation of ‘'physical signs of 
degeneration,” namely, his theory of anatomical-biological regression 
in bom cnmmals to the morphological status of lower races, pre- 
historic man and animals (Lombroso’s follower, KureUa, spoke of 
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pnmatoid skull forms) had to be largely given up Sommer (quoted by 
Tischer (19)), who to some extent has recognized Lombroso’s teachings, 
has pointed out that Lombroso has confused two separate problems 
first, the problem of whether the delinquente nato really exists, 
secondly, if he does exist w hether this abnormahty is charactenzed by 
significant morphological features Just as Lombroso’s methods w ere 
challenged there ivas also a strong cntiasm of the uncertainty in the 
definition of his object of study, namely what really constituted a born 
cnminal There is a certain analogy between the formulation of tlus 



Fio 2 Sketch or HAND or A Rama IvDiw AND or Tin: IX W men THE Handle 

or \ Nicaraouw Paddle is GmrrED 

Rote the position ot the little finger This dinning shons a morphological variation 
easilj mistaken for a constitutional racial sUgma — \fter Sdiultz (79) 

problem and the problem which at the end of the 19th centurj con- 
fronted phjsical anthropologists who used exact anthropometne 
measurements in psj chiatiy Having successfully studied and differ- 
entiated ethnic groups with modern methods, anthropologists at- 
tempted to distinguish with anthropometne methods the "insane” 
from the “normal” individuals In an excellent paper, which from 
the point of view of anthrojiometnc methods is in many w ays as useful 
today as it was then, Hrdhifka (35) formulated a program “Tlic nev 
program is, after being able to define the human normal, to separate 
the abnormal from the normal, and to dassifj , it possible, the ab 
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normal And it is here, m this its latest apphcation, where anthro- 
pometry encounters the domain of medicine As an aid in determin- 
ing the abnormal in man, it serves both the general student of mankind 
and the chmaan, and they really join hands at this point, the anthro- 
pologist and the physiaan” (p 523) It is, however, exceedingly 
difficult in psychopathology to make a genenc distinction between 
abnormal and normal With the closer dynamic study of psycho- 
pathological conditions it became more and more apparent and may 
be regarded as well estabhshed today that elements of certain psycho- 
pathological reactions reach far into the sphere of psychopathic per- 
sonahties (that is to say, of people who though constitutionally 
slightly abnormal may not suffer from a circumscnbed mental disease) 
and even far into the group of normal people This is true also for 
the two large and most common psychopathological reaction types, 
the mamc-depressive and the schizophrenic It is, therefore, not 
astonishing that generally valid sigmficant morphological correlations 
wnth “normals” and “abnormals”® were not found, and that on the 
other hand, vdth the clanfying of our psyclnatnc diagnostic concep- 
tions, contrasts between two mental diseases offer a better object of 
study for anthropological correlations 

Modem heredity studies in psychiatry have gone through an 
analogous development The pioneer researches of Koller and Diem 
have shown that there are no very sigmficant differences as regards 
the quantitative inadence of mental disease in the ancestry of “nor- 
mal” and “abnonnal” individuals The tendency of modern heredity 
studies in psychiatry has been more and more to draw on all even 
shghtly abnormal relatives and finally on all members of the family 
(see Kahn, p 48 (38)) Despite the progress of modern heredo- 
biological research in psychiatry, the knowledge of even a complete 
family history does not give a clue to the pathogenetic factors of psy- 
choses For this study the modern dynamic and analytic point of 
^new proved more frmtful, and, inasmuch as it emphasizes changeable 

® The impasse which is easily reached by making the distmction “normal” and "abnor- 
mal” — that IS to say a “monotype standard” — the starting pomt of investigations, is of 
course not confined to psychiatry alone The early X-ray studies of the stomach n here al 
sorts of atonic conditions v ere descnbed on the basis of a preconceived normal one-tjTe 
standard are an example This subject is u ell discussed by Mills (59) 
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psj chogenic and environmental factors, more practically and thcra- 
peuticallj useful 

HEREDITV ANT) CON'STHTrTIOV 

Howev er great the adv ances in the knowledge of exogenic etiological 
factors of disease hav e been in the Afanous stages of medical progress, 
the age-old and unavoidable experience both m general mediane and 
psj chiatrv , that different individuals react differentlv to similar kinds 
of exposure, has alwaj'S prevented the suppression of the recognition 
of hercditar) factors of disease, from the “res naturales” of the old 
phv'siaans to the ' constitutional factors” of modem pathologists 
The term constitution is used by different pathologists in a vei> 
different and arbitrarj waj Without going into detail in the exami- 
nation of these different definitions it seems correct to saj , that most 
of these formulations are more logicallj precise than practicallj 
directlj applicable according to our present state of knowledge It is 
not V et possible in human pathology alwaj s to distinguish nth exact- 
ness between hereditar> foftenusedsvTionjTnouslj nth unchangeable) 
and acquired signs We are forced to assume that the Mendtlian 
laws of hereditv applj also to •’nthropologv in the widest sense (Eugen 
Fischer (IS), p 136) In fact it has been daimcd that the only bind- 
ing prom of the hereditarv character of anv sign, is the knowledge of 
Its mode oi transmission according to the Mendehan la '•s fFischtr, 
1 c., p 137) In the human organism, howev cr, the delimitation of 
“hereditarv umts’ is innmteh more complicated than in plants 
Bo-cnardt (9) comes to the conclusion that it is not possible to divide 
constitutioiial anom-'hes into he-edifatv and acqmrea The concept 
of constitution cannot hav e a hcredo-biological foundation alone He 
the-efom also disagrees with Tandleri distinction betwetn constitu- 
I'oi and condiboa If the oifT cultv distinguishing lietwecn hcred- 
itaw and acqui'ed traits be true m the sphe"eo''}',nnan morpho’ogv 
it is seli-ev’dent in the sphe-e of p=v chobio’ogjca' n'egration Tne 
-innalalin of co-'s'itufio-' as cispo='ti03 to iLscnse, an a r'castme fo' 
tne -cnislarcc o’ the o-ganism to~aid pathogenic in‘'ue-cc3 fl.fa'tl’-s, 
StrtmrreP' is too r:a^w, since C-SD-oSium to c_eas£ is oilv c-c co-- 
renui t s'g-i o' a co-rehti ccoml naEonoi j'g-s amo-'g mac otit-s 
T,-toscn752' p lOt Tocnnceconn’i jJji toE! 0 'ph'''on’'ati"e 
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(Hering (32)), is not practical and an unnecessary restriction With- 
out venturing to give a definition which would be theoretically binding, 
one may therefore, for the purpose of investigations like these, speak 
of the human constitution as the correlative unity of those morphologi- 
cal, physiological and psychobiological developments of the individual 
which are definitely more influenced by heredity than by environment, 

COMPARISON OF CLASSIFICATIONS OF MORPHOLOGICAL TYPES 

Attempts to describe morphological constitutional types have been 
made very frequently None of these classifications, however, ob- 
tained final recognition (Wuth, 1 c , p 5) In many the very nomen- 
clature shows the influence of physiognomical-symbolical ideas 
Table 1 gives a cursory schematic survey of the various classifications 
of body types ’ 

Such a comparison of type constructions may give rise to the serious 
and not unjustified obj'ection that these types originated at different 
ages and through totally heterogeneous methods, scientific and fanaful 
Moreover it may appear inappropriate, or even unj'ust, to chart 
side by side the classical traditional types of Hippocrates, the ro- 
mantic-symbolic system of Cams, the esthetic mythological analogies 
of the Engfish anthropologist Walker, the dogmatic pathological 
“combinations” of de Giovanni, and the clinical anthropometnc 
findings of Manouvner, Viola, Bmgsch, and Davenport, the brilhant 
intuitive divisions of Sigaud and his pupils which have been put to 
clinical use by JuKus Bauer (5, 6), the pathological-anatomical ob- 
servations of Rokitanski, Beneke and Kundrat, the anatonucal types 
of Mills and Stockard, and the careful chnical descnptions of the 
psychiatrist Kretschmer Nevertheless, it seemed worth while to 
collect and tabulate this not easily accessible material, because it 
seemed to illustrate several important considerations 

’ Compiled from Aschner (2), Bauer (5), Bean (7), Brugsch (11), Bryant (12), Cams 
(13), Davenport (15), Dubreuil-Chambardel (16), de Giovanni (24), HallC et Thillaye (29a), 
Kern (40), Kretschmer (44), Kundrat (4S), Manouvner(54),Mills(59),Pende(65),Rostan 
(73a), Stockard (85), Strata (90) A number of these publications contain good illus- 
trations The illustrations show in many instances an unrmstakable similanty between 
the types descnbed by different authors The photographs in the paper by Mills (191 ) 
can be especially recommended The photographs given by Bach (3) showing the com 
panson between the t 3 Tncal pykmc habitus and the physique of a professional wrest er 
are instructive 
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The influence of physiognomical-symbohcal notions and of chnical 
pathological obsen ations, expressed m the nomenclature itself again 
and again, is striking, especially if it is taken into account that many 
of the authors did not know about one another One of the funda- 
mental mistakes of some of these classifications Kretschmer (44) 
has expressed very clearly, speaking of the types of Sigaud and his 
pupils “their occasionally correct observations of detail are 

forced into a scheme which has been constructed purely speculatively, 
and at the basis of which — if we may express ourselves somewhat 
naively for the sake of clarity — he the following ideas there are (1) 
men of reason — these must have a big head, (2) eaters, these must hav’e 
a fine belly, (3) acrobats, these must have splendid muscles, and (4) 
runners, these must have a fine pair of lungs” (p 17) 

The various types given in the groupings of different authors do not,, 
of course, correspond with each other in the simple fashion schcmati- 
callj indicated on the chart Thequestionansesastowhatextcntthey 
are comparable There is no doubt that there is a thread of uniform- 
ity and that in a far-reaching way most of these classifications aim to 
express similar body forms A few are almost identical It is difficult 
to determine how close this correspondence is between the groupings 
of different authors, but the difficulty seems almost equally great 
when the attempt is made, vnth any amount of accuracy, to assign 
an mdivadual to any one type of these morphological classifications,. 

OBSERVATIONAr ANTI ANTHROPOMETRIC XEETIIODS IN GENERAL 

Witli regard to methods the problem arises, whether in the system- 
atic differentiation of recurrent forms of habitus of indivaduals one 
should rely on exact anthropometne measurements alone, on desenp- 
tions alone, or on a combination of both This problem has a parallel 
in the history of raaal anthropology The extreme number of anthro- 
pometric measurtmenfs used by the Hungarian Torol, who took 
five thousand measurements of the skull alone, was opposed bv Scrgi 
who proposed at one time to omit me-asurcmenls altogether and rely on 
observations alone flladdon (29), pp 10-41) Experience with pa- 
tients seems to indicate tliat the question is not such a simple one of 
cither the one or the other or both Even when a dcasion is made 
tint inclusion of measurements in the working scheme is neccssarv 
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there still remains the greater problem of the choice of measurements 
to be used This problem is not simplified by the fact that since 
investigations of this character are of a clinical rather than an anthro- 
pological nature, they must in all respects be adapted to the needs 
of the clinic ® 

It is evidently possible to recognize recurring (i e , typical) body 
forms from observations alone The process of this recognition is a 
complicated one, an exact observation of certain details combined 
with the reahzation of the general impression of the individual in toto 
In these observations the personal equation plays a not insignificant 
part Undoubtedly this general unison impression is very useful and 
important, and reqiures training and technique ® 

This procedure of judgment from observations has been very much 
cntiazed Unfortunately the average medical chnician is not quali- 
fied to raise the objection that it is impossible to size up recurrent 
body types from general impression because as a rule he does not, dur- 
ing the examination of a patient, inspect the nude human body in an 
erect posture and at an appropriate distance This is the only way to 
get a clear impression of the general body configuration type The 
reason why the general practitioner as a rule does not do this is two- 
fold First, there are obvious practical obstacles with regard to the 
routine technique of medical examination Secondly, chniaans are 
interested mostly in disturbances of body structure when there are 
more or less pronounced anomalies, as in pathological-endocnne 
tjqies 

It IS a different matter, however, to describe and recogmze again 
more or less accurately certain body types and to prove their existence 
inductively, study their occurrence statistically and estabhsh quan- 
titative relations with other correlative signs such as the incidence of 
disease Raaal anthropology is confronted with similar but by no 
means identical problems Races are distinguished by observational 
data, such as color of hair and skin, quantity of hair, shape of head and 
by anthropometric data relative to body proportions Just those data 

® We are greatl 3 '' indebted to Dr Adolph H Schultz, Associate Professor of Physical 
Anthropolog}’-, Johns Hopkins Uni\ ersitj'', for his never faihng encouragement, a vice 
and critique throughout the course of this study 

5 We found it useful in the process of traming ourselves to compare our observa ion 
reached independently and to discuss the discrepanaes 
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wluch arc most useful m racial anthropology, however, namely com- 
plexion, form of hair, skull form, eye color and stature, are apparently 
of least importance in the differentiation of smaller non-raaal groups 
of indmduals such as groups afflicted with physical or mental chscase 
Tor this purpose the study of the body proportions, and particularly 
tlie development of the body cavities, as dc Giovanni has already rec- 
ognized, IS of first importance 

In psychiatry the morphology of the skull has often been regarded 
as of very particular significance This primitive-symbolic belief 
that the morphology of one smgle part of the human body, quite apart 
from the rest of the body, must have an exceptional value as an indi- 
cator of mental faculties," has probably also something to do with 
the age-old observation that microcephaly is not infrequently asso- 
ciated with idiocy That the opposite is not true, namely that a 
large head docs not denote a supenor intelligence or yet a deficient 
one, was already known to Perdulcis (66), who states this explicitly ’’ 
There are only two points wrhich give the morphology of the skull an 
exceptional position One is the undoubted fact that there is a certain 
inter-relation between the development of the brain and the cranium 
The scientifically well-established facts concerning this mter-relation 
arc, however, very few Reichardt’s (73) finding of relatively small 
skull cavaty and relatively high speafic gravity of the cranium in 
schizophrenic, cspcaally catatonic patients, is interesting and signif- 
icant The other pomt is that the formation of the skull may be, 

" It is for considerations like these that the expression “disease races" used bj Dr G 
W Draper of New \ork seems unfortunate 

" Compare tlie head formation in statucsof the Buddha “It will also be noticed that 
the Buddha images base certain phisical peculiantics of which the most conspicuous is 
the ushnisha or protuberance on the top of the skull Tcchnicall) this appears to 
be demed from a western form of headdress, but in significance it is to lie classed with 
the ph>sical characters attributed b\ Indian physiognomists to the Sujicrman, the 
Mahapunisha This ushnisha senes to disUnguish the Buddha figure from that of a 
mere Brother, forthchcadof the Bhikkhuisalwajsshascd bare and w ithout the Buddha's 
bump of wisdom” (Coomaraswam> (14),p I3I) The ushnisha docs not groi- only as an 
attribute of the Buddha w ith his growing wisrloni and after his illumination but is alrcadi 
present as a ‘constitutional sign" in nil statues depicting Buddha as a child See Adam 
(1) “Buddha as a child,” plate 1 1 

" “Alioqum magnitude capitis ut non bonam, sic non 'cmiicr makam per 'e constitu 
llontm indical" (p 62) 
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to some extent, an indicator of the formation of the rest of the body 
especially of the skeletal system, as was already known to Hippocrates 
The teaching of Gall^® has left behind it the belief that whatever cor- 
relation there may be between morphological and psychological 
traits must be expressed particularly clearly m the form of the skull 
Peterson (67) regretted that we have no studies of the psychic histones 
of tribes who produced artificial malformation of their heads It 
seems also significant in this connection that the mental reactions of 
otherwise crippled children and adults have received very httle at- 
tention on the part of psychiatrists De Giovanni and Viola were the 
first to prove that head and skull measurements can be neglected to 
some extent in constitutional researches Borchardt (10) m a recent 
study agrees with this view. 

Some authors, hke Kretschmer (43), claim that description goes 
very much further than measurements, and that description alone is 
entirely sufilcient to differentiate types Prom anthropometric 
measurements he expects only a more exact formulation He has 
supplemented his book with a comparison of the averages of absolute 
measurements,^'* a procedure anthropologically of httle value Mayer- 
Gross (57) has gone even further and beheves that the study of mor- 
phological types in psychiatry should be independent of the exact 
methods of physical anthropology, and more a branch of psychology 
which can be compared with the study of other expressive phenomena 
like “graphology ” This lack of distmction between physiognomic 
expression and mensurable morphology remmds one of the old tem- 
perament theories Scheldt (76), on the other hand, emphasizes that 
these studies can have conclusive results only if they make use of the 
commonly accepted methods of physical anthropology, the uniformity 


It IS not intended here to discuss the historical significance of Gall’s teaching 
That Gall’s influence was not entirely a side-tracking one for neuropsychiatric research 
can be seen from the fact that one of the first cases of aphasia mth an autopsy report o 
■a lesion in the left frontal region of the brain uas published by Thomas Hood in the 
“Phrenological Transactions,’’ a journal devoted to Gall’s teachmg (Walter (91)) 

In physical anthropology absolute measurements such as head length or leg eng 
are used as weU as indices An mde^ expresses the percental relationship between tivo 

, , , /breadth ^ Index 

or more measurements For example, the cephalic index — ( je^gth ^ / 

values are generallj’' regarded as more significant than absolute values 
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of which has been established more or less successfully at international 
congresses of physical anthropologj' (Compare also HrdhCka 
Anthropometry (34)) It is true that every neiv problem is apt to 
call for certam adaptations and alterations m technique, but the same 
pnnaples should be followed 

The task of an investigation of morphological and psychopathologi- 
cal correlations'* therefore resolves itself mto the following questions 
can recurrent typical body forms be determmed by inductive anthro- 
pometric methods, can body types, differentiated by observation and 
descnption, be correlated with exact anthropometric data, are there 
any correlations between anthropometric and psychopathological 
findings? 

THE MATERIAL OF THIS STUDV, PROCEDURE OF INVESTIGATION 

The material of this study consists of SLXty-five male patients chosen 
at random without any consideration of diagnosis or physical habitus 
Tlic patients were taken from the wards of the Henry Phipps Psy- 
chiatric Clinic, Johns Hopkins Hospital, and from the Spring Grove 
State Hospital, Catonsville, Marjdand A senes of thirty-one female 
patients who were observed and measured at the same time'^ is omitted 
from this study for the following reasons anthropologi&al data from 
female individuals are not stnctly comparable with those of male 
individuals, dimensional changes of habitus at different ages are more 
marked m women than in men (Aschner (2), p 125), the physical types 
desenbed by Viola, Sigaud, and Kretschmer are more diffiailt to rec- 
ognize in women (Bauer (6) mentions this fo- 'Dtgaud’s tapes, p 
1082), m verv many anthropological studies 'ey omen are omitted It 
seemed that if there are significant differences m morphological habitus 
between individuals with different mental diseases, as Kretsdimer has 
claimed, tliese differences should be at least indicated in an accurate 
stud) of a rcl itively small number Since our material is diagnosti- 
call) cntirel) unsclected (evceptthatthcroutincprocedurcof tlie Henrj- 

" Ilj "com.Htion ' is understood “a more frequent concurrence of tieo phenomena 
than uouldbc expected from a mere chance coordinat on ' (Scheldt (75)) 

"lie nctnouieditc cratefuU> the cooperation of Dr J Peres W ade, Suiicrintcndcnt, 
hpnnp Gro c State IfospiLal 

” \ stud) of these female patients is m progress 



Predominantly affective reaction types 


392 


F I ‘WERTHEIMER AND FLORENCE E HESKETH 


>- 

Q 

O 

R 


> 
S K 

ts 





l>n\SICAL CO\STITUTIOX IV MENTAL DKEASE 


393 





394 


F I *WERTHEIMER AND FLORENCE E HESKETH 




CO CM 

\o o lO 

CM ro CM 


d 


u D< 

? 2 . 

o H o 

cj O cj 

3 'S 2 

cn 4 -) 

< < < 


a a 
o o 
^ 1-1 
•W 4-> 

o o 

'3 -3 


o o 
a CU 


G o C 

2 3. 2 

w £3 4-» 

u G o 


o rt o 

see 

o a o 

>-. l-c M 
^ -G rG 

Cu CU Q< 
o o o 

N N 

^ ^ rG 
CJ w u 
ui m in 


pq P ^ 
< 


CM fO MJ 


ex 


0\ ^ 
CO C\ 

CM CM CM 


^ CO O CM 
CM rt< e\ CO 
CM CM CM CM 


CO 

lO o\ 


»2 
2 
•4-i 

y o 

g S 

-c 'S 

t/3 4^ 
< < 


G 

a 


i«25 

u 


P4 

I I 

u u 


:S 

d 


3 

4-1 

c3 


’G y 
O G 

in 

P 4 < 


3 a 


u u 
G G 


O 

G G 

^ CO lO 

Pi< < < 




2 2 

G G 

>» Jo 
P P 


o 

G 

>1 

P 


S' 


o 

'B 


{X 

o 

4J 

g. 

in 


p 

o 


in 


o 

o 

o 

13 

S 

3 

c 

9 2 

tn c 
i-i cn 

O rG 

P O 

c 5 ri 
P u 
.G G 

^ 2 
- 
tn 


ci 

G 

O 

4 -> 

o 

s 

O) 


<u 
«— < 
G 

o 

G 


rt 

S' P 
G o 

±i Jo 


G 

G 


o 


p 

G 

o 


o 


P 

3 

G G 
2 2 
G ti 
o G ^ 

G ^ .S 

G o 


tn 
w to 
G o 

3 ^ 

G 
O 
G 
o 

0 

P w 

s s 

rG S S 
U P G 

■Tj 

g -3 *S 

1 -3 s 

g o 6 

1* 'G 
•*!» 53 G 
tn P 0 ^ 

- p jy 


G 

G 

O 

G 

o 

a 

o 


o 

G 

.o 


G 

P 

O 

s 

!G 

1 ° 

23 


tn 

a; I 
^ G 

5 'S 

6 s 

O 4_» 


2 o 
G o 


Sr 

P 

o 

G 

G 

o o 

G G 

2 « 
G iM 

CJ 
ll 


S 2 

G G 
o o 


P G 


tn 1^ 


G 

P 

O 

G 


ru to 


tn ^ 
o 

G ■ 
G 


wi tn 
o P 


G -5 


o 


to 

_ _ 

PhUmU p^cofnu 


6 ^ 
a « 

|:^ 

< p2 o 


G tn 
tn o 

g G 


d Pi o ” 

p 4 p; I-, ^ 


^ ^ 


w ^ 
i4 ^-.p^ 


to \0 CO 

^ Tj^ TP 


P O €M 

lO to »o 


fO rp lO 

to to to 


COt^TpTpvOropTPvOrp 

PCMro-*^COTpPPt >.0 

CMCMCMCM^HCM^rHCMtn 


G 

O 


in 

P 


G j:- 

4J >» 

G ns 
2 *2 *2 


3 

G 

4-> 

G 


t-i Pi 

I I 

w w 
u o 


G G 


o b G 2 o ii 

G C C G G G C 

G G G G G G G 

^ ^ ^ ^ o ^ o 

p P p p p p Ph 


2 2 c c 


G G 

4^ 4J 

to CO 

<< 


p 

O 

t-> 

4^ 

& 

w 


o 

p 

o 

44 

c 

o 

in 


G 


G 

O 


P 

o 


o 

1-1 

p 

G 


r* 

u 

u 


'C? 

c 

o 

to 

G 

o 


u 

c 

o 

tt) 

c 


G 


ri 2 


G 

M 

G 
P 


P ^ 


4- O 

O-fi 


G 

tl 

w p 


G ^ 
P G 


C G 

o G 

B 2 

O C> 

Q U 


G 
ft rt 
>» >1 H 

to to y c 3 

ft ft ft s 
-§•=3 6 


a 5? I 

g ftjj 
ft O ft 

s g 

to S 
to S 
o G 


V o o o 


wwSoo^ 


p. P w c p Pi ^ 


S;S?SS 3 SS;SS 


Phipps Ps> chiatnc Chnic prefers early and diagnosbcally complicated 
or therapeutically promising cases, and the matcnal from the State 
Hospital naturalK tends to a predominance of chronic cases) , a variety 
of diagnostic groups is represented Kretschmer’s book and the 
studies of most investigators based on his book deal only' with manic- 
depressive and schizophrenic cases 

The patients are classified m four diagnostic groups 

1 Predominantly affertive (manic-depressive) reaction types 

2 Predominantly schizophrenic reaction types 

3 Organic reaction types 

4 Psychopathic personalities and psy choneuroses 

This division was made purely for practical purposes in order to avoid a 
larger number of diagnostic groups with only a few indivnduals in 
each group 

In the first group are placed nmetcen cases of affective psychoses,” 
both cases with more or less typical course of manic-depressive psy- 
chosis and cases whicli, though predominantly affective, present 
certain other features such as schizophremc-like reactions The 
special diagnosis of each case is given in table 2 In the same way 
there are m the second group twenty -five predominantly schizo- 
phrenic patients with the speaal diagnosis indicated In the third 
group are eleven cases of psychopathic personahties and psycho- 
neuroses, including also cases of chronic alcoholism, a diagnostically' 
not quite clear case of post-traumatic hvpochondnasis, and, merely 
for the practical considerations mentioned above, cases of feeble- 
mindedness In tlie fourth group arc ten cases of organic reaction 
tvpc including epilepsy 

The nosologically indefinite arrangement of cases in the last two 
groups IS of little significance in ismudi as the emphasis of the study is 
naturally on tlic two more constitutional reaction types of the first 
two groups In these first two groups it seemed of special intcrust to 
see whether lliose cases for the sake of which the quahfica* 
dominantly” was introduced showed anv speaal , j ' 
features Tlie designaPon of manic-deprcssiv e psy chosis wi'h 

uTTiiv term is u*cd in a similar neamng bv Kahn m a rc-ent - ' 
stud> (37) 


396 


r I %\'ERTHErMER AND FLORENCE E HESKETH 


phrenic features is not intended to indicate a co-existence or blending 
of different hereditar}*' units,” but is employed merely in order to do 
justice to the clinical facts of the individual case It may be added 
that more or less typical manic-depressive reaction t 3 ^es according 
to any strict termmology are relatively rare in hospitals, as compared 
Tvith schizophrenic psychoses, so that senous doubt has been cast 
on the diagnostic conscientiousness of those investigators who have 
studied in a relatively short time the same large number of manic- 
depressive and schizophrenic psychoses (Kolle (42), p 605) 

In the course of the mvestigation three kmds of data were kept 
entirely separate, namely, 

1 Ps 3 ’'chiatric data 

2 Data obtained m form of observations 

3 Anthropometric data 

Each set of data for each patient was separately numbered, and the 
psychiatric, observational, and anthropometric data not compared 
until the final correlation The formulation of the psychiatric di- 
agnosis was written down in the present form (see table 2) before the 
anthropometric valuations were completed 

DESCRIPTION OF MORPHOLOGICAL TYPES USED 

In the classification of morphological types we followed mainly 
the descriptions given by Klretschmer (44) From the observation 
of our patients and from exact anthropometric data (to be discussed 
later) a group of patients seemed to be distinct enough to be classed 
together as a sub-type or transition type which we shall refer to as 
pyknoid The chief characteristics of these types are as follows 
1 The pyknic individual (plate 1) has in profile a round head, the 
contour of the occiput, top of the skuU and profile hne impressing one 
often as a more or less clear circle The outhne of the head is soft 
without any sharply prominent parts (like nose or chm) The face 
has the form of a pentagon or a shield (see fig 3, 1 and II) or m many 
cases a form between the two It is always definitely broad and soft, 
quite apart from the fact that it is usually fleshy, especially as regards 
the nose There can be no doubt that in the general aspect of the 
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face the impression of a certam harmoniousness and balance is also 
con\eyed fay certain physiognomical psj chological characteristics 
Tvhich evidently may be a source of error The neck is short and 
full, nith the head set a little foniard on smoothly rounded shoulders 
The hne from the tip of the chin to the suprasternal notch is char- 
actenstic, inasmuch as it tends to be not an angle but a smoothly 
sloping or even a straight hne The hair hne usually borders the 
forehead in a regular unindented cure e Apparently the p> kmc tj^ic 
has a tendency to baldness, and when this occurs it seems to be elec- 
tively regular m outlme and with a smooth shiny surface The trunk 
IS thick set and appears barrel-shaped, aith the chest broadening 



toward the lower part of the body One might say that the body 
caaaties (head, chest, abdomen) tend to i voluminous dcaclopment 
The limbs are relatively short, as arc also the hands The panniculus 
adiposus IS well developed and the color of the skin is good The 
p>knic habitus is most definitely pronounced m early middle age 

la There arc undoubtedly pjkmc admixtures in other cases and 
in order to do justice to these frequent not so distinct tj^pes whicli 

1* The passage m Eretschmer s boot (E nglish tnnslation), p 29 (t4), a here this trait 
IS descnheil has been wrongU translated so that the meaning has been destro>ctl Tlie 
translator caidcntlj confounded the German non! "Stemalcnde' nhich means end of the 
sternum, with the nord ‘'Stimc,” meaning forehead This iiassagc has been quoted un 
corrected in a number of rc\ lev s of the subject 
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impress one as having definitely pyknic components we propose to 
speak of a pyknoid habitus 

2 The athletic type is characterized by a strong development of 
the locomotor apparatus so that the bones and muscles stand out in 
plastic relief The heavy development of the skeleton is most easily 
recognized m the clavicles The neck is strong and the trapezius 
muscles typically very well developed The shoulders are large 
and the trunk tapers down from the broad shoulder girdle to the rela- 
tively narrow pelvis, so that the trunk outline from the front can be 
schematically designated as a trapezoid The limbs are relatively 
long, the hands and feet are large and the fingers often of a blunt, 
thick and “acromegaloid” character The hair is abundant and the 
hair Ime tends to grow m a peak in the center of the forehead, receding 
in bay-hke manner on either side toward the temples The face 
has a long egg^^ form (see fig 3, III) A hne which would connect 
the upper forehead, tip of nose, and chin would be a gentle curve 
There is a variant, if one may speak of such, which is on the whole 
more plump and massive 

3 The asthenic habitus^^ (plate 2) is characterized by the general 
impression of a deficiency in volume combined with an average un- 
lessened length, so that these individuals impress one as being taller 
than they really are The thorax is long and flat and the shoulders 
narrow, and the trunk can be schematically described as cylindrical 
The legs and arms are long and thin with lean muscles The face is 
of short egg form (see fig 3, IV) and may show hypoplasia in varying 
degree The skin tends to be pale, thin, and with but scant fat The 
profile is usually markedly irregular The hne which would connect 
upper forehead, tip of nose and chin tends to be angular on account 
of the disproportion between the long nose (which seems sharp on 
account of lack of fatty upholstermg) and the small mandible When 
the hypoplasia of the jaw is not so marked there may be noted simply 
a long nosed profile The neck is thin and seems elongated The 

2“ The Hindus compared this t}^pe of trunk with the head of a cow (Tagore (87)) 

The Hindus compared a type of face with the egg of a chicken (see Tagore (87), p 24) 

22 This term is used here not in a climcal but in a purely morphological sense Stiller 
(84) described a “morbus asthenicus” in which he included almost all deviations from the 
normal constitution Compare also Zemer (94) 
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liodj hair is scanty and these individuals may also tend to baldness, 
but ivith an irregular outline and a more or less unnkled surlace 
Other individuals v\ho on account of some signs might be subsumed 
under this type have wider shoulders accompanying the usual flat 
chest 

4 Dy'splastic body forms show stunted growth either of the whole 
body or parts, i e , verv small nose or minute hands and feet or dj s- 
genilal (eunuclioid) features Oong extremities, broad pelvis, scanty 
hair, unusual distribution of fat) The undergrowth of the nose, 
togetlicr with a certain softness of the facial outline, may' give the face 
a pseudo-pyknic appearance, as can also eunuchoid obesity of the 
trunk However, this habitus can be easily distinguished from the 
pyknic type by attention to details On account of the underdevelop- 
ment of the middle part of the face the line connecting upper fore- 
head, tip of nose and chin may approach a straight line On the w hole 
this group of individuals watli dysplasUc features contains all the verv 
marked variations from the most common types 


METHODS or OBSERVAriOr AND DESCRIPnON 

The following observations were recorded for each patient 


1 Tracturts 

2 Kight handed 

3 Head form 

4 I ace shape 

5 Profile nose 

6 1 j cs color, eet 

7 Par 

S Hair form 

9 Hair color 

10 Ilaldncss 

11 Ned 

'2 Lnrjm 

13 Th>roid 

14 Trunk oulhne 

15 Pat deposits masculine, feminine, in 

fantile 


16 Musculature 

17 Scapulae 

18 Hair amount scalp, c} c brov s, clan, 

checks, trunk, arms, legs, pubes 
axilh 

19 Hair texture 

20 Skin color, tc'-turc, moisture 

21 Moles 

22 Freckles 

23 \\n«ts and miles 

24 Fool *iTch 

25 Fingers pointed or blunt 

26 N-uls lunuh, curxature 

27 Festc^i scxuil anomalies 


In order to avoid the usual dcscnptivc terminologv which docs not 
lend Itself readily to later analysis, companson and chssification, an 

A complete mcflical phv ^ical e'xiramiUoa'K^asdonc on each patient 
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aiicnipt Tras lo it tnora sirtHtie 'Xtd titczrtta, Pirst Zi 
sysiiszi lof ~ and — s:pns Tras trsed ro indicate average t— '^. tnrr? 
than average \,p~\ and evcesdve (— P-r'^. viih isss than 
average and ^ ahsenn This vas mere coniss Thr^- desoPirt- th^^ 
amoxint oi nair and tat in adjectives and vas mere cenvenianttn the 
nna} analysis Pecandly, diagrams trere nsed te ebiain a nniiomirr 
of detailed observations, virh the personal element oi Tie observer 
reduced a.5 mncn as possTble and ther^ore vith a greater nes^oPitr 
tor the checking np of remits by other observers. 

The following diagrams trere nsed. The schemamc ramal oniline 
tt'pes are those oi Pretschnter ^^ng, dl. The trahk ontlines are a danted 
from photographs o: patients, ihnstrating rerarring conmtions ihg, -i). 
The ontlines of face and head are recorded sinilarb' afrer obsercanon 
of a nnmber of individuals rviih a selection of onh' the most elementary 
dhlerences in alignment of features pg. 5, rear pronle and top of hcxa 
from above: ng. 6. forehead, Ims and chinl. Figure 7 motvs diagrams 
of hands, Tiigrams rrere also used to aid in recording obsarrations 
regemding hiir form, nose shoulder blades and ear shape The 
diagram for hair form mas tahen from Snlliv.tn ^Sol after Idartin, 
The diagmms for nose and ear shape mere adapted dmecth- mom 
hlaxtin vdd\ 

In about onethrrd of the esses photographs mere tahen shcmrng 
front mem of he,sd and chest, pronle of head and chest, and trahk in 
one or tmo meme These mere numbered and the morphological 
t}-pes recorded independently from the other observamons,-” Ths^e 
diagnoses agreed mith the dasdncation made from obserramon oi the 
patients. 

nODY TYTtS Tnoat C'BSmVAtlClv' 

Our mareiial is too small to tneld any oondusave resnlis as to the 
frequency of occurrence oi physical n-pes. Moreover, the perceatages 
of these types in the general population are not sufidentiy hncmn, 
Homever, since ir is a true tandem sample mhich contains renressata- 
lives of the dinerent tope groups, a survey of the percentages is not 
mithout interest, 

VTe inuebteS to Dr. O. WEth Asionstr rii rrr, Jr&rs H.-'pSrs F x'T^n-- 

fcir dhtra=5-ig Fnesr nbeto^rihs rot rrro-Sng to motpbo]od: 2 h trps bnjrprnocrrV 


n*rort ittv otaor imo-vrloege o: 
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Eio 4 ScmuATic Representation op Trone Protiee 
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Fig 7. Scseiiatic Classisicaxiok or HA^■D3 
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Perccntasfs of types in 65 cases 


fer cent 

13 p>knics 


20 0 

7 asthcnics 


10 8 

9 athletics 


13 8 

18 pjknoid 


27 7 

15 asthenic athletic nuxed forms 


23 0 

3 unclear 


4 6 

or 

Pyknic forms 

27 7 1 

20 0 

Pyknoid 

1 

Athletic 

13 8 

^ 69 1 

Asthenic Athletic 

23 0 1 

Unclear 

4 6 J 

1 

Asthenic 


10 8 


These percentages cannot claim any special significance Hoivever, 
It IS interesting to know that they may suggest a normal distribution 
curve of symmetncal character (see later) 

These percentages include among the others those cases with dys- 
plastic features Cases with dysplasUc features can bo subsumed 
under some of the other types too They were therefore included in 
the above tables Twelve of our cases show d> splastic characteristics, 

in facial outline, distnbution of fat and hair or in general proportions 
Of tliese twelve cases, eleven show marked or suggested feminine dis- 
tribution of pubic hair among other dysplastic features Only one 
has normal distribution of pubic hair (no 20) His dysplastic features 
consist mainly of marked disproportion of limb length and stature 
The mam other findings in his case were mydriasis, eyebrows a httle 
scanty lateralward, small mouth, palate narrow , large hands and long 
fingers, cyanotic hands and sweaty palms, narrow costal angle, liver 
dullness not quite two finger breadths below costal margin m right 
mammary line, gonads normal in size, hypotncliosis of arms and legs, 
especially thighs, eye grounds very large physiological cupping, 
discs of good color, lymphocy tosis 43 per cent (Dr Tliomas P Sprunt) 
With the exception of one case in the pyknic group (no 41) and one 
case in the pyknoid group (no 58) all of these dysplastic features 
occur in cases of asthenic, athletic, or asthemc-athlctic mixed forms 
None of them occur in the three unclear casts Dividing cases into 
pyknic, athletic, asthenic, and dysplastic groups, as Kretsclimcr docs, 
involves the use of two different principles of classification This 
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is of importance because a separate correlation of the dysplastic group 
with psychiatric diagnoses is earned out The percentage of dysplastic 
cases was 18%. 

ANFHROFOMETRIC METHODS 

The third series of independent data consists of anthropometric 
measurements Fifty-three of these measurements were taken on 
each patient accordmg to the technique desenbed by Martm (55) 
(56) and Hrdhcka (34) 

The following table gives the hst of absolute measurements taken 


1. Weight (kilograms) 

27 

Humerus length 

2 

Span 

28 

Radius length 

3 

Stature 

29 

Hand length 

4 Xiphoid height 

30 

Hand breadth 

5 

SjTiiphysis height 

31 

Palm length 

6 

Antenor ihac spme height 

32 

Finger length 

7 

Tibiale height 

33 

Nail length 

8 

Femur height 

34 

Nail breadth 

9 

Malleolus height 

35 

Maximum head length 

10 

Sittmg height 

36 

Maximum head breadth 

11 

Trunk height 

37 

Bizygomatic diameter 

12 

Horizontal head circumference 

38 

Bigonial diameter 

13 

Horizontal chest circumference maxi- 

39 

Head height 


mum mspiration, rest, maximum 

40 

Total face height 


expiration 

41 

Upper face height 

14 

Greatest arm circumference 

42 

Nasal height 

15 

Smallest aim arcumference 

43 

Nasal breadth 

16 

Greatest thigh circumference 

44 

Ear length 

17 

Greatest calf circumference 

45 

Ear breadth 

18 

Smallest leg circumference 

46 

Ascending ramus length 

19 

Chest length 

47 

Horizontal ramus length 

20 

Subcostal angle 

48 

Mandible length 

21 

Bi-acronual diameter 

49 

Gonial angle 

22 

Bi-ihac diameter 

50 

Interpupillary space 

23 

Greatest hip diameter 

51 

Interocular breadth 

24 

Transverse chest diameter 

52 

Palpebral length 

25. Sagittal chest diameter 

53 

Palpebral breadth 

26 

Arm length 




The absolute measurements were taken in the clinical laboratory of the Henry Phipps 
Psychiatnc Chnic with a set of instruments devised by the late Professor Martm of 
Mumch In connection with these measurements a senes of physiological tests was done 
byDr R S Lyman which is bemg worked out mdependently. 

The anatomical terminology is given in preference to the anthropological one, which 
uses terms such as symphysion, nasion, etc , which are not so famihar to the medical 
reader 
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Thirtj -se^ en different indices were calculated and anal> zed in order 
to find out whether inductively, from a statistical e\ aluation of anthro- 
pometric measurements alone, a grouping of outstanding bod> tj-pes 
would emerge These indices are given by Martm (55) The pro- 
cedure in usmg absolute measurements and indices vas made m two 
ways First, frequency distribution curves"' were plotted for both 
absolute and proportional measurements Although the number of 
cases was too small to e\-pect condusiv'e results from a frequency' dis- 
tribubon, at least an indication of a tnmodal frequency' distnbution 
might have been expected if the pyknic, athletic and asthenic ty'pes 
were suffiaently distinct Or further there existed the possibihty 
that if the pyknic and non-pyknic body forms w ere antagonistic types, 



Tig S Buiodal Poucon Illustrating DirrERrsTUTioN or Tw o Species Plotted 
PRO ii Data on L-ARmo 
(From Bateson and Johann'cn) 

a bimodal frequency distribution curve (cf fig 8) might reveal a 
suggestion as to the distnbution of these two types No indication of 
bimodal or tnmodal frequency distnbution was obtained 
Secondly', the measurements obtained were compared with the 
averages and ranges of variation for the pyknic, asUienic and athletic 
types as giv en by Henckcl (30) (31) An analy sis w as made of the 
measurements and indices of each patient of the group of tlus study 

’'A normal frcquenc> distribution cur\c, lliat is to saj a cunc of chance, is a 5>m 
metrical one in n lucli the mode, i e the highest point in tlie cun c, and the mean, i e , tlie 
nntlimebc a\ cmge, occur on the same ordinate A socallcd biomodal cun c Is one n Inch 
has two peal s and, when repre cnting a suffiaently large sample of data maj represent 
the occurrence of two separate e’ements in tlie data considered (rce fig S) Sirrtlarl> the 
trniodalcunehas three distinct peats and ma> indicate three t> pcs or elements 
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in comparison -nith the figures given by Henckel as the average, high- 
est and lowest values for each t)TDe, as found in his group of cases 
This study yielded two negative results First, on the basis of the 
measurements used by Henckel, it was not possible to assign the 
individual cases definitely to one or another of the type groups, 
secondly, no absolute measurements or indices were indicated as 
selectively significant in assigning cases m respect to body type, vith 
the exception of the Pignet Index (to be discussed later) 

The following is the hst of mdices which were calculated 

1 Weight — stature 

2 Stature — span 

3 Sitting height — stature 

4 Trunk height — stature 

5 Trunk height — span 

6 Antenor-postenor diameter — ^lateral diameter chest 

7 Antenor-postenor diameter — chest length 

8 Lateral diameter — chest length 

9 Chest circumference — chest length 

10 Chest circumference — stature 

11 Bi-acromial diameter — trunk height 

12 Bi-iliac diameter — biacromial diameter 

13 Bi-iliac diameter — trunk height 

14 Arm length — ^leg length 

15 Arm length — trunk height 

1 6 Humerus length — femur length 

17 Tibial length — femur length 

18 Trunk height — leg length 

19 Radius length — humerus length 

20 Finger length — palm length 

21 Hand length — radius length 

22 Hand breadth — hand length 

23 Nail breadth — nail length 

24 Leg length — thigh length 

25 Cephalic breadth — cephahc length 

26 Cephalic height — cephalic length 

27 Total face height — bizygomatic diameter 

28 Upper face height — bizygomatic diameter 

29 InterpupiUary space — bizj^gomatic diameter 

30 Nasal breadth — nasal length 

31 Ear breadth — ear length 

32 Cephahc height — cephalic breadth 

33 Ann length m per cent stature 

34 Leg length m per cent stature 

35 KorperfuUe Index (Rohrer) 

36 Pignet Index 

37 Morphologic Index 
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METHOD OP CORRELATING OBSERVATION TYPES IVITH ONE INDEX, “CON- 
STITDTIONAL INDICES,” M’EIGHT 

The conclusion was therefore reached that these body types could 
probably not yet be found inductively by anthropometnc methods or 
expressed accurately in anthropometric terms of body proportions 
This does not mean that anthropometnc methods themselves are not 
apphcable for the distmction of these types, for as in raaal anthro- 
pology the observation types can be used as a starting point and then 
correlated wnth anthropometnc measurements Absolute measure- 
ments, such as Kretschmer used in his book, are the least conclusive 
for such a procedure, for shght differences m absolute measurements 
may be found m any two groups of individuals, whether they be ad- 
missions to a hospital or admissions to a club In considenng the 
possibihty of an mdex, therefore, which would define the physical 
habitus of an individual, it is necessary to keep m mind the fact that 
such a so-called constitutional index should represent the charactenstic 
morphology of the individual as a whole, as contrasted ivith such 
indices as the cephahe index, which states the proportion between two 
measurements of only one part of the body 

As de Giovanni has already pointed out, the impression of the exist- 
ence of morphological types is dependent on the different size of the 
body caviUes and their relation to the hmb length Naccarati’s 
morphological index is evidently aimed at just this proportional rela- 
tionship (62) This index, however, is not smtable for psychiatnc 
patients and its accuracy in other constitutional studies may be 
questioned since in the one index is inxolvcd the use of ten different 
measurements The fact that two of these measurements may be 
influenced by subcutaneous fat, vanablc m most mental patients, 
increases the opportunity for error Shght errors maj be much mag- 
nified in the final result, smee nine measurements must be multiplied 
before being subsequcntlj added A theoretical cntiasm of tins 
index might also be raised on account of its form, the mathematical 
propriety of dixading the product of three measurements by the sum 
of two others being open to question More cxpliat information as 
to the technique of taking the measurements for this index would be 
neccssar) Measunng a diameter “at Uic lc\cl of the fourth nb” 


MtDtclN* you T *^0 4 
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without further instructions becomes difficult when it is considered 
that the fourth rib curves in three dimensions, and varies in position 
during breathing 

The variations in weight during psychoses rule out for exact evalua- 
tion of the physical constitution of psychiatric patients three other 
indices which have been used as an index of the physical constitution, 
namely. 

T jn-T, Length of anterior trunk wall 

1. The Becher-Lenhoff Index (Martin (o5), p 27 X 100 

Waist arcumference 

• Wcifflit 

2 The height-weight index of build (Buffon, Rohrer, Bardeen (4) 

Stature® 

3 The Pignet Index (68) Stature (cm ) — {(chestcircumference (cm ) -{- weight (kgm )] 

The Becher-Lenhoff Index contains as one of its components the 
waist circumference which is dependent on the state of nutrition of 
the individual The Rohrer Index and the Pignet Index contain 
weight itself Of these two the Pignet Index requires particular 
attention since it has been quoted by Kretschmer as an anthropometric 
confirmation of his findings Kretschmer also reproduces the table 
obtained by Henckel (Kehrer and Kretschmer (39), p 179) Three 
objections can be raised against the Pignet Index as an accurate an- 
thropometric method for the study of the morphological constitution. 
First it compares a linear with a non-linear measurement (weight), 
secondly, its accuracy is not beyond doubt since one centimeter is 
regarded as equivalent to 1 kgm of body weight A variation of 
1 cm in chest circumference can easily occur in two successive exami- 
nations More important than these two is the weight factor Weight, 
which is a component of the index, changes considerably in the course 
of many psychoses so that evidently the index gives different values 
at different stages of the disease. The weight of both manic-depres- 
sive and schizophrenic patients tends to be influenced very much dur- 

This index has been used by Dr F Shaw (80) m a recent study His data are not 
sigmficant since no figures regarding the range of vanations are given Aside from this 
fact, the significance he attaches to the biomodal curve obtamed from a frequency dis- 
tnbubon of his mdex values may be questioned The difference between the two peaks 
of this curve (which he interprets as defimte evidence of the existence of two body types) 

IS numerically one hundred points Naccarati (62) states that “an error of one-half 
centimeter plus or minus would cause a change of fifty counts in the index” (p 21) 
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mg the course of the psychosis In Henckel’s study (30) (31) this 
error is considerably increased by the fact that while his scluzophrenic 
patients were examined dunng their stay in the hospital (i e , dunng 
the psychosis) a large number of his manic-depressive patients were 
examined after recovery when the patients were asked to return to the 
dispensary Thus the evaluation of the Pignet Index in manic- 
depressive cases was influenced by the fact that the majonty of the 
patients wnth manic-depressive psychoses as a rule gain weight m the 
course of recovery, and some m fact to a \ ery considerable degree and 
with great regulanty Kolle has dearly recognized this error without, 
however, finding a means of evading it (Kolle (41)) He substituted 
the weight on admission for the weight taken at the time of examina- 
tion This method neglects the fact that the period of illness before 
the patient seeks admission to the hospital vanes of course greatly' in 
different patients and they may, and often do, lose a considerable 
amount of weight at that time Figure 11 illustrates the possible 
vanations of weight dunng the course of recovery The patient (no 
10) gained 74 pounds (or 33 8 kgm ) from the date of his admission 
on June 30 to March 15 His best weight was shghtly more than 
250 pounds about two years before admission This patient was 
from observation a clear pyknic type, not very conspicuously fat, 
he was a well-built actor 

Henckel assumed that the following averages and ranges of vanation 
of Pignet Index values correspond wath the morphological types in 
mental patients 



AVTBACe 

fcXNce or VAtiATrov 

Asthenic 

+34 3 

(23 0- 54 2) 

Athletic 

-»-ll 9 

(10 6- 21 8) 

r>kmc j 

-5 S 

(-34 8-+12 2) 


Three examples may be suffiaent to show the inaccuracy' of tins 
method 


1 Patient no IS Weight on December 22, 45 91 gm Ills Pignet Index 
was 33 7 According to Hcnckcl’s figures this should signify an asthenic 
constitution During the course of recovery from his depression he gained 
weight and reached by JI'iv 12 the weight of 60 0 kgm Tins influences 
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the Pignet Index to the value of 19 6 , which according to Henckel would 
sigmfy an athletic constitution (see fig 9) 

2 Patient no 6 Weight on March 4, 59 0 kgm. His Pignet Index was 



Fig 9 Influence of Weight on the Pignet Index I 



Fig 10 Influence of Weight on the Pignet Index II 

+ 18 7. This figure would place him, according to Henckel’s figures, in the 
athletic type group By April 17 he had gained during the course of re- 
covery from his depression to the extent of weighing 68 0 kgm His 
Pignet Index calculated for April 17 was therefore +9 7 In other words, 
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IN Patient RrcovEaiNO tkou a rouuTii Attack or 
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according toHenckel, he had changed from the athletic type to the pyknic 
type, merely by gaming weight (see fig 10) 

3 Patient no 10 Weight on June 20, 78 2 kgm His Pignet Index was 
- 2 9 He gamed weight very regularly so that by March 27 his weight was 
112 kgm His Pignet Index therefore had changed from -2 9 to -36 7, 
that IS to say to a value beyond the range of variations given by Henckel 
for the Pignet Index He remains still of the pykmc type, although the 
index values changed so enormously, because beyond the pyknic Henckel 
has no other type (fig 11) 

If we assume a patient with stature 164 9 cm , chest circumference 
87 0 cm , weight 66 0 kgm , the Pignet Index would be 11 9, i e , the 
average value for the athletic type according to Henckel If this 
patient gams 17 4 kgm , a possible change of weight m the course of 
a psychosis, his Pignet Index will become —5 5, or average pyknic 
If on the other hand this same patient loses 22 4 kgm , his 
Pignet Index becomes 34 3 or (according to Henckel) reaches the 
average value for the asthenic type Such considerable changes of 
weight are not at all infrequent in mental disease However, very 
much smaller weight changes influence the Pignet Index values to such 
an extent that (according to Henckel’s figures) an individual would 
be transposed from the boundary of one group to that of another, 
even though he might not reach the average value for that group. 

It seems evident therefore that anthropometric indices which con- 
tain weight as a component are not very suitable for exact evaluation 
of the morphological habitus of mental patients, although they may 
have proved very useful for classifying the degrees of fitness of recruits 
Index valuations contammg weight can be used only if the weight 
curve throughout the psychosis from the onset, not only from ad- 
mission to the hospital, is recorded. 

If attention is drawn here to the fact that weight is a source of error 
in so-called constitutional indices, it is not implied that weight itself 
may not be of importance as a constitutional sign. In fact changes 
of weight are probably one of the most important constitutionally 
determined physiological reactions It is a common medical ex- 
penence that certain people are constitutionally apt to gain weight 
under conditions when other people do not In mental diseases it is 



PHYSICAL CONSTITTITIOI. C. MENTAL DISEASE 

sometimes stnkmg how psychopathological reactions which m many 
■nays are similar show different weight curves dunng the psychosis 
Kraepehn reproduces m his text hook. ((47), p 1229) two curves of 


■■■■■■■ ■■■■■ 

■■—ii— I 


WIGHT - CURVE 

Fio 12 Regvl.\e WEioirr Croix BOXING Mamc Attack 


no 13 Irkeooiar W Eicin- Croix noKiNO Manic Attack 


manic patients — one regular, one \cry irregular He assumes for the 
explanation of the irregular weight cune that the manic attack was 
composed of many small attacks Figures 12 and 13 show the weight 
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curves of two patients with predominantly manic excitement from 
which both recovered completely The first curve is fairly regular, 
the second very irregular The first patient suffered from a manic 
excitement with religious grandiose delusions and an episode with audi- 
tory hallucination The second patient suffered from a manic excite- 
ment complicated by dysmnesic and certain schizophrenic-hke reac- 
tions His sister suffered from a recurrent stuporous reaction with a 
normal interval of about ten years The first patient was of pyknoid 
habitus The second was of athletic habitus It is possible that the 
differences in the weight curve of different mental patients are at least 
related to the morphological constitution in general The physiology 
of the loss and gain of weight in mental diseases is not yet at all clear 
From our observation it seems possible to make three factors re- 
sponsible for weight changes first, the variation in the actual intake 
of food, secondly, the often-called endogenic disturbances of metab- 
olism, which according to Reichardt (72) are probably due to a dis- 
order of the central nervous system, thirdly, a constitutional factor 
which may be correlated in some way with the morphological constitu- 
tion In different psychoses these three factors are involved in vary- 
ing degrees Reichardt (72) has observed greater endogenic weight 
changes in schizophrenia than in manic-depressive psychoses (p 339) 
An old observation by Nasse (quoted by Rosenfeld (64)) is of interest 
in this connection. He found that patients who had suffered from 
previous psychotic attacks tended to show less change of weight 
during the psychosis It seemed to him that a constitutional dis- 
position to mental disease may have a certain connection with only 
shght changes of body weight. In this form Nasse’s remark is prob- 
ably not correct, as is shown by the weight curve of patient no 10 
(fig 11), who suffered from his fourth recurrent depression each of 
which was accompanied by considerable loss of weight Nevertheless 
there may be a difference in the weight changes of patients with many 
recurrences and those mth only one attack (according to Pollock 
(69) more than 50 per cent), on the basis that recurrence of attacks 
may be regarded as a constitutionally determined sign correlated more 
frequently than other manic-depressive reactions with a charactenstic 
bodily habitus 
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A NEI\ ANTHROPOIIETRIC INDEX, CHARACTERISTIC “tYPEs” AT ENDS 
OF FREQUENCY CURVE 

Starting pnmanl> from the morphological conceptions of the Italian 
scliool (de Giovanni, Viola) an attempt was made to constructan anthro- 
pometric mdex lYhich v ould indicate m toto the y ariations in relation- 
ship between trunk cavity and limb length The greatest difficulty 
IS to obtain measurements indicating the morphological de\elopment 
of the trunk canty from skeletal points alone and vathout reference to 
factors influenced by weight The skeletal part of the thorax and the 
trunk height v ere used as the skeletal substratum of the three-dimen- 
sional Y'olume of the trunk The trunk Y'olume uas therefore ex- 
pressed as the product of three measurements 


1 Transverse chest diameter 

2 Sagittal chest diameter 

3 Trunk height 


In order to obtain the relation to limb length the product of these 
three measurements was combined with the length of the kg The 
•measurement of the leg length is an indication of the limb length 
because the ratio of arm to leg length is one of the most constant of 
human proportional relationships The formula of the index is 
therefore 


Index = 


Leg length X 10* 

Transverse chest diameter X sagittal chest diameter X trunk height 


X 100 


All measurements arc expressed m centimeters The leg length is 
multiplied bv 10* to bring it from tlie linear to the cubic dimension 
and in this waj relate it mathematically to the cubic denominator, 
composed of the product of three linear measurements The quotient 
IS multiplied by one hundred in order that the result or mdex m ly be 
expressed without dcamals In figure 14 the si\t>-fi\e cases are 
represented in a frequencj’ distribution curve The abscissa gives 
the Y alues of the index, each number corresponding to the v allies from 
that number to the next higher one, fore\amplc in the ordinate column 
erected over two hundred and forlv are all cases with index values 
from two hundred and fortv to two hundred and fiftj-fivc The 
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individual cases are plotted on the ordinate The body types are 
speafied in the key It will be seen that the values of the index ate in 
definite relation to the body types obtained from observation. On the 



iso ies 


195 210 225 2 ‘ I 0 255 270 285 300 315 330 


Fig 14 Frequency Distribution of 65 Patients According to Their Index Values, 
Showing the Correspondence between Index Values and Observation 

Types 



■■BSIHI 

mm 




Fig 15 A Normal Fiiequency Curve 

left side, where the lowest index values occur, are the pyknic types. 
At the right side, where the highest index values occur, are the asthenic 
types There is no overlapping of asthenic and pyknic types They 
are separated by the group of cases vdth index values ranging from 
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two hundred and fifty-five to two hundred and seventj , in which there 
are neither pj knics nor asthenics In the middle are the pyknoid and 
athletic tj'pes, and the asthemc-athlctic mL\ed forms The pyknoid 
tj'pes tend to the low er, the athletic to the higher, index x alues The 
asthemc athletic mixed forms tend to higher values of the index than 
the athletic types The three cases which were unclear as to classi- 
fication with regard to body types from the descnption alone are 
scattered from the middle to the right side None of them occur in the 
pyknic group Pyknic and non-pykmc forms are clearly differentuited 

The chart indicates a gradual transition from lower values to higher 
values of the different clear and mixed types represented This seems 
to be a significant finding because it is established on anthropometnc 
measurements alone watliout deduction from general types The chart 
seems to indicate also that with a suffiaentlj large number of cases 
the distnbution of body forms w'ould present a normal frequency 
curve This distnbution would be represented on a curve hke that m 
figure IS The most clearly differentiated forms would be at X and 
Z, the less charactenstic forms, intermediate tj’pes and gradations 
in the portion of the curve designated T This distnbution would 
explain whj analj’sis of vaned anthropometnc data in search of indi- 
cations of the existence of out-standing types (indicated by frequency 
distnbulions giving bi- or multi-modal frequency distnbution cun cs) 
proved unsuccessful 

The general distnbution according to \ alues of the index seems to 
coincide in pnnaple with the results of investigations bj Viola and 
also by Bauer, who used the descnptivc tj’pes of Sigaud Viola (6) 
found among four hundred male mdiv’iduals of Northern Italy mucli 
ov’erlappmg between the megalosplancluuc and normosplanchnic 
habitus on the one hand and betw een the normo- and microsplanchnic 
on the other (according to lus classification) Bauer (C) who recorded 
the types of Sigaud in two thousand cases at the Vienna Dispensary’ 
also found a preponderance of so-called mixed forms From our 
material the smaller number of well-defined mophological types in 
companson with the others seems well established 
It IS possible — ev en probable — that if a sufficiently large number of 
cases w ere collected and classified according to the index, the resulting 
cun e would be asj’mmetnc, or a so-called si cw curve, vvith the ]i(.ak 
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Tic 17 AB<!OLCTr rRzgnrNc^ CvRVTS or Clear Ob-ser^atio j Types lLtcsiRATi\o 
Dieteresces in Im)ex Valois beewte i the Astoemc, Atiileiic anti 
Pyknic Types 


not in the middle but toward either side This study is not intended 
for these anthropological problems, but only for clinical ones, and tlic 
maten il is also too small to allow definite percentage conclusions 




420 


P I T^'ESTHEIMER AND PLOKENCE E HESKETH 


Moreover it deals only with a selected group of the population, namely 
individuals afflicted with mental disease, while the proportions of the 
general population are not accurately known 

In figure 16 the asthenic, athletic and asthenic-athletic mixed forms 
are contrasted graphically with the pyknic and pyknoid forms in 
ogive curves-® according to their mdex values The two curves are 
entirely separate and do not show any tendency to cross There is a 
considerable interval between any two contrasted points along their 
course This can be taken as an indication that the material does not 
represent one homogeneous type, but that on the contrary at least two 
types are present If the two ogive curves represented cases of a 
homogeneous type a crossing or intermingling of the two curves would 
be expected. 

In figure 17 the absolute frequency of those types which appear from 
observation as more or less clear is represented accordmg to their 
index values The pyknic type forms the lowest curve, the athletic 
type the middle, and the asthenic the highest curve This chart 
indicates that the anthropometric values of the index separate these 
three t)q5es, the distinction between the asthenic and pyknic t3q)e 
being very considerable and beyond doubt The curve of the athletic 
type lies between the two, but definitely nearer the asthenic, indicating 
that with regard to trunk volume and limb proportions the athletic 
type is nearer the asthenic than the pyknic type Thus the anthro- 
pometric values of the index permit an exact statement which is in 
conformity with the more general impression received from observa- 
tion It is improbable that the distribution on this curve is due to the 
small number of cases 

The average index value and the range of variation for each mor- 
phological group are as follows 



INPEX 

RANGE OF VARIATION 

Asthenic 

309 

(282-337) 

Athletic 

278 

(248-306) 

Pyknic 

192 

(153-244) 


The ogive curve, so-called by Gallon who devised it, has been chosen as the graphic 
method of representing the absolute frequency distribution According to this method 
the measurement (in this case the index) is plotted on the ordinate axis, the absolute 
frequency = order of the mdividual, along the abscissa So at equal intervals along the 
abscissal axis an ordmate is erected for each individual, representmg his mdex value 
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The difference between the index values of asthenic and pyknic tj pes 
IS therefore not only great (117), but there is also no o\erlapping 
betw een the extreme members of the group The highest pj kmc index 
IS 244, the lowest asthenic mdex is 282 The athletic group is in an 
intermediate position between the other two 

ANALYSIS OF THE VARIOUS COMPONENTS OF THE INDEV 

Since the index used contains four different components, each of 
which may be vanable, an analysis of the vanation of these com- 
ponents IS necessary The following table gives the average values 
with the range of vanation for each component of tlie index The 
measurements are given in centimeters 


UXASVAEUEVT 

1 ASTBEMIC i 

j ATTO-EnC I 

[ rTESIC 

Trunk height 

4!) 

7(53 

1- 62 

7) 

57 

0(52 

0-60 

8) 

58 

9(51 

7-64 

9) 

Leg length 

8S 

6(78 

3-101 

6*) 

88 

2(75 

2-92 

2) 

85 

2(77 

5-92 

S) 

indent 

66 

7(62 

5- 69 

2) 

64 

9,60 

1-71 

1) 

68 

9(61 

9-79 

0) 

Transverse chest diameter 

25 

6(24 

3- 28 

7) 

28 

0(26 

0-29 

8) 

31 

3(28 

7-34 

6) 

Sagittal chest diameter 

19 

1(18 

1- 20 

7) 

19 

9(17 

8-23 

5) 

24 

4(22 

0-29 

0) 


• Case no 20, see bcIoi\ 

t Since the absolute measurements are much Jess signifmDt the trunk length expressed 
in percentage of the leg length is added to the table giving the measurements contained 
in the index 


It will be seen that the trunk height shows consideriblc difference 
The absolute leg length shows practically no difference between 
asthenics and pyknics, although under the asthenics is included case 
no 20, a case with dysplastic body form, his legs being dispropor- 
tionately long The trunk height-leg length index shows a 2 per cent 
difference between each group A considerable difference is also 
present in the chest diameters It seems of significance tliat those 
components of the index which show the most marked differences, 
namclj, trunk height and chest dnmeter, show an increase in value 
from asthenic to athletic to pyknic, the athletic being in tlie middle 
just as in fig 17 
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AVERAGES OF SOME OTHER ANTHROPOLOGICAL DATA 

Our interest being primarily a clinical rather than an anthropological 
one, we are less concerned with anthropological details Nevertheless, 
some other measurements seem to add not insignificant characteristics, 
and may be of interest for a morphogenetic interpretation of these 
types The following averages and ranges of variation are therefore 
given 



asthenic i 

athletic 

PYKNIC 

1 Body surface (m sq m ) j 

1 65(1 49-1 97*) 1 

1 71(1 41-1 90) 

1 96(1 72-2 29) 

2 Subcostal angle (in de- 
grees) 

j 

55 0(50 0-60 0) 

64 5(50-75) 

73 0(55-90) 

3 Head circumference (m 
cm) 

56 4(54 5-58 0) 

56 3(54 2-59 0) 

57 5(53 4-60 5) 

4 Cephahc length-breadth 
mdex 

76 9(69 9-86 1) 

78 6(75 1-85 2) 

79 4(77 5-80 9) 

5 Cephahc height-length 
index 

68 7(63 4-74 6) 

71 1(65 7-78 2) 

70 1(65 6-74 9) 

6 Cephalic height-breadth 
index 

88 3(81 4-100 0) 

90 6(81 2-99 3) 

88 5(78 8-93 6) 

7 Bi-iliac diameter (m cm ) 

28 0(25 1-31 2) 

29 1(26 7-34 0) 

32 2(28 9-36 5) 

S Bi-acromial diameter (in 
cm ) 

36 2(33 3-39 4) 

I 39 1(35 5-41 9) 

39 3(33 9-43 0) 

9 Bi-acromial diameter/bi- 
iliac diameter index 

1 31(1 17-1 41) 

1 34(1 23-1 41) 

1 23(1 07-1 35) 


* Case No 20 (dysplastic) The next figure is 1 69 


It vdll be seen that there is a marked difference between the pyknic 
and asthenic body types with regard to body surface and to subcostal 
angle, the athletic type taking an intermediate position m relation to 
the measurements of the other two body forms The head measure- 
ments do not show any marked distinction Measurements of con- 
siderable interest because of the relative and absolute proportions they 
indicate, are those of the bi-iliac and bi-acromial diameters (The 
bi-iliac diameter is taken at the outer border of the iliac crests, ac- 
cording to Martin’s technique ) The preceding figures show that the 
absolute measurements of the pyknic are greatest However, con- 

5“ These figures, based on a relate ely small number of cases, can have significance only 
as mdications of the proportions to vhich the types tend, and cannot be expected to 
adequately dehneate the types 
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sideration of the relationslup between these two measurements in 
each tj-pe group shows that the pyknic habitus has least difference 
betw'een shoulder width and peKic breadth (considenng these measure- 
ments as indicators of these two dimensions), while the asthenic 
comes neat, and the athletic has the greatest difference between these 
two dimensions It wall be recalled that the pjknic U-pe was de- 
scribed as having a barrel-hke trunk, largest m the middle dimensions, 
and returning at the pelvis to proportions comparable with the 
shoulder breadth It is also of interest to note that the impression of 
the broad shouldered trapezoid-hke trunk of the athletic is upheld 
bj these figures The figures for the asthenic type indicate a more 
slender type, espeaally as contrasted wath the stocky pyknic form 

Considering the anthropological significance of data concerning 
hair and eye color, the fact that analysis of these data in the types of 
habitus considered here yielded no results m any way significant, 
IS not without interest Regarding comple\ion the generalization can 
be made from our material that as a rule the p>kmc U^ie has a fresher 
and more ruddy color, and a clearer and more smooth skin, than occurs 
m the other two types 

FACTORS lOTEUENCING THE lIORl>nOLOCI&\L HABITUS, THE RACE 
EtCTOR, AGE ANT) GROWTH, EN\ IRONTIENT \L INFLUENCES 

(occotation) 

A number of factors influencing bodilv habitus haae to be con- 
sidered That raaal distnbution is not a causal factor for these mor- 
phological tj-pes as has been claimed bj Stcm-Piper (S3)“ is apparent 
from our material, which is an example of the raciallj’ heterogenous 
Amencan population In most cases both maternal and paternal 
extraction could be obtained Our patients represent jiarental ex- 
traction of the following character Scotcli, Irish, Lnghsh, Dutch, 
Trench, Norwegian, North German, South German, Welsh, Swedish, 
C inadian, Portuguese, Russian, It ilian, Polish and Czecho Slox akian 
It IS possible, in fact verj hkcK, that different races show i different 
distnbution of these bodj txTies Stockard (Ss) beliexes that the 
English people of the upper class show more often the linear tj^ie, 

** Compare also \ on Rohden (71) whoeiprcssiCSthcoppo^jleMCW 
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Germans of the upper class more often the lateral type. Whether 
they occur among all races is not yet established 
Much more important is the age and growth factor The original 
assumption of Sigaud that his morphological types are unchangeable 
during life had to be given up Viola believes that the longi- and 
brachy-types are unchangeable and independent of changes with age 
Zweig (95) found that although a definite tendency to the four Sigaud 
types is already apparent in youth, they are not so unchangeable in 
the course of life as Sigaud had claimed Especially the digestive 
habitus shows progressive increase with age Bauer (6), p. 1086, 
also found age displacement of the Sigaud types Brugsch (11) 
found that the narrow chested type develops to a normal chested type 
in one-third of all cases from the age of twenty-five to thirty-five 
The normal chested type can develop with advancing age to a wide 
chested type (pathological emphysema type) Florschutz (21) found 
in a large statistical material that asthenic individuals do not lose 
that type, but that with advancing age the type becomes even more 
apparent. Mills (59) distinguishes dominant types (hypersthenic and 
asthenic), major types (hypersthenic, sthenic, hyposthenic and 
asthenic), and six sub-types According to his observations on over 
one thousand individuals, bodily changes may lead to a reclassification 
of an individual with regard to a different sub-type, but no changes 
occur indicating a reclassification as to major type 

The environmental influences on morphological habitus, which of 
course become apparent at different ages, are considered in the re- 
searches of Verschner on the anthropological characteristics of single- 
ovum twins (89) According to his findings, which, however, are not 
final and not in agreement "vvith some other observations, the following 
characteristics are little affected by environmental influences in the 
widest sense stature, length of extremities — absolute and relative to 
stature, ears, nose, eyes Much influenced are the following length, 
breadth, depth and circumference of trunk, excluding shoulder and 
thorax breadth, body weight, length, breadth and length-breadth 
index of skull The difference between twins does not essentially 
increase with further years after the end of the age of growth 
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In our material the age distribution is as follows-^ 



AVCBACE 

BANCE or VARI 
ATIOS 

According to types 

years 


13 pvkmcs 

43 1 

(24-59) 

7 asthenics 

29 0 

(16-32) 

9 athletics 

28 7 

(20-SI) 

According to diagnosis 



19 predominantly afFcctu e 

36 2 

(18-63) 

25 predominanU> schizophrenic 

28 6 

(18-39) 

21 other cases 

3S S 

(22-36) 


The pyknic type is more frequent inth advanang age Bauer 
found this also for the digestive type of Sigaud For clinical correla- 
tions this IS of special importance since manic-depressive psyclioses 
occur more frequently in middle age Mollenholf (60) lias pointed out 
the importance of the age factor for these correlations He found the 
asthenic type more frequently among his young patients and the 
pyknic type more frequently ivith adiTincing age 

From the anthropometric analysis the conclusion i\as also reached 
that the age factor is very important and that there is a far-reaching 
age displacement of body types That age on the other hand should 
be the only factor responsible seems estremelj unlikely There are 
cases of definite pyknic habitus with low index at an early age, and of 
pronounced asthemc habitus mth high index at an advanced age 
hloreovcr, as Kretschmer (45) has pointed out, there arc details of 
observation nhich according to clinical cxpenence change \erj little 
ivith age, for example the form of the hand and head, and the color 
of the skin 

The ratio of the body length below the symphysis to that abo\ e the 
symphysis shows v cry marked changes inth grow th The line di\ad- 
ing the stature m half in the infant lies considerably above the sym- 
ph> SIS In adult age the length of the upper part of the bodj (abo\ c 
the symphysis) becomes greater than the height from the symphysis 
to the floor According to studies of Fischer and Hoffmann (20) 
on three hundred and sexty healthy soldiers, this constant predomi- 

” Stt also page 430 
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nance of the length of the upper part of the body is reached in one 
hundred per cent of the individuals by the twenty-ninth year In our 
matenal the exact ratio of the upper to the lower part of the body is 
variable (when considered in reference to age) At the age of twenty- 
nine it may be assumed that at least the maximum growth of the 
thorax is completed For these reasons separate correlations between 
index values and psychiatric diagnosis were made 'with the exclusion 
of all patients under twenty-nine 

For dysplastic features the age factor is less significant The pubic 
hair, for example, according to the painstaking statistical studies of 
Scheidt (77) shows the full virile growth about the eighteenth year 
The distnbution t3^e is finally established by the end of the second 
decade The average age of patients in the dysplastic group is thirty, 
the range of variation 16 to 51 

The influence of occupation seems on the whole of little significance 
for the essential morphological charactenstics With regard to oc- 
cupation our material is divided according to the old and somewhat 
arbitrary classification of Gould, which nevertheless is sufficiently 
useful 

I Those who work with the head 
II Those who work mainly -with the arms 
III Those who work with arms and legs (sailors) 

Our material falls into the following classes* 


According to diagnosis 

f I . . 

All cases ■! 11 

ini 


35 

27 

3 


Manic-depressive, I 


Schizophrenic j II 
[ill 


Organic 


I 

n 

ni 


19 (aU) 

9 

14 

. 2 

2 

7 

1 


I 

n 

m 


5 

6 
0 


Psychopathic personalities and psychoneuroses 
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According to typos 


ISpjknic 


I 

n 

III 


5 

7 

1 


9 athletic 


I 

n 

m 


4 

5 
0 


7 asthenic 


I 

n 

m 


5 

1 

1 


A ocordtng to source 


Manic-depressive 

Schizophrenic 

Organic 

Psjchopathicpeisonahtics and psjchoncutoses 


UenryPhtp^j SprintGro t 
Ptyckialrte Stale 

thnte Hospital 

18 1 

11 n 

7 3 

9 2 


45 20 


It would seem that the affective cases belong more to the group of 
mental workers This agrees with Stem (82) and Mollcnhoff (60), 
but IS in our material partly explained by the fact that the patients 
come from two sources drawing patients to some extent from different 
social strata 


CORRELATION OF PSYCHOSES AND PREPSYCHOTIC PERSONALlTITS WITH 
INDEX VALUES AND BODY TYPES PROM OBSERVATION 

It is possible then to distinguish from the morphological aspect 
different groups in this senes of sixty-fivc cases For clinical correla- 
tion we are now in a position to dispense with the bodj tj-pes obtained 
deductively from the general impression and can substitute the in- 
ductive method of companng the anthropometnc values of the index 
with psychiatnc diagnostic groups, without knov ledge of what the 
general tj pe impression from observation w ould be 
In table 2 all sixtj-five cases arc represented with a senal number, 
initials, order in the four diagnostic groups, special psjchiatnc 
diagnosis, body tjTie from observation, indc-x value, and iiiadence of 
d) spl istic features 
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It may be assumed from the distribution of the cases according to 
index values (see fig 14) that the extreme values of the index may be 
regarded as charactenstic recurring body forms which impress one as 
morphological body types If the whole range of index values in the 
first two psychiatric diagnostic groups is divided into four equal parts, 
the opportunity is created to determine what psychopathological re- 
actions have an affinity to the index values which are very low (lowest 
quarter) and those which are very high (the highest quarter) In the 
range of the lowest quarter of the index values there are only three 
patients with the following index values 154, 167, 182 All these 
three patients belong clearly to the manic-depressive reaction type 
The first one (no 10) was admitted in his fourth depressive attack 
The second one (no 16) was admitted in his second depressive attack. 
The third patient (no 6) suffered from a depressive reaction In 
the highest quarter of the range of index values there are, leaving out 
those with dysplastic features, twelve patients Of these twelve 
patients seven belong to the schizophrenic reaction type (nos 25, 
39, 21, 43, 35, 22, 23) Two belong to the predominantly affective 
group but are specified as showing schizophrenic features during the 
psychosis (nos 18 and 19) One case (no 9) occurs in the affective 
group but is specified as psychoneurotic depression Only two cases 
belong to the manic-depressive reaction type without qualification 
(nos 3 and 11) Both are very young This seems to point to the 
conclusion that the lowest index values occur more among the manic- 
depressive reaction types and the higher index values among the 
schizophrenic individuals If patients with dysplastic features are 
included there is added to the lower fourth one patient (no 41) wth 
the diagnosis schizophrema and to the upper fourth of the range of 
index values six patients with dysplastic features (nos 27, 31, 8, 36, 
28), all of whom belong to the schizophremc reaction type with the 
exception of one (no. 8) who occurs in the predominantly affective 
group but is specified as showing schizophrenic-hke admixtures 
If the index values are now split into thirds it can be determined 
what psychopathological reaction types occur in the lower third and 
which in the upper third, including in both groups individuals showmg 
dysplastic features In the lower third of index values there are six 
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patients, m the upper third tv cnty-one patients (including only the 
first two psyebatne diagnostic groups) Of the group of six patients 
with low index, xsilues, four patients belong to the manic-depressive 
reaction type (nos 10, 16, 6, 7) The last patient is in this connecUon 
of particular significance He suffered for seventeen years from a 
dironic manic condition from which he recovered with good insight 
We had the opportunity of seeing this patient dunng tlie psychosis, 
dunng recovery, and in the normal penod after his recovery, and had 
then occasion to observe him again in his second attack, which was 
clearlj of a manic nature and from which he also recovered completely 
after about four months “ Of the tw o other patients in the low er tlurd 
of the index values, one (no 41) showing dj’splastic features, belongs 
to the scluzophremc reaction type, the other one (no 24) ocairs in the 
schizophrenic group, but is quahfied as an atypical case with anxiety 
features It is evident again that among the lower index values the 
affective psychoses are predominant 
Of the twenty-one patients occurnng in the upper third of the index 
values there are fourteen with schizophremc reaction type (nos 30, 
38, 25, 39, 27, 21, 43, 35, 22, 20, 23, 31, 36, 28) Three cases occur in 
the predominantly affective group, but arc speaficd as showing schizo- 
phrenic features (nos 18, 8, 19) One case (no 9) in the affective 
group presents psychoneurotic symptoms Only three patients occur 
m the manic-depressive group without qualification (nos 17, 3, 11), 
tw o of these patients bemg the two > oungest individuals of the manic- 
depressive group The predominance of schizophrenic reactions m 
this group with higher values of the index is apparent It is also 
significant that those three cases m the affectiv e group are included 
from the morphological aspect in the group with higher index values, 
which from psj chiatric diagnostic pnnaples alone had been previously 
speafied as being somewhat atypical in the affective group because 
they show also schizophrenic-like reactions It has to be taken into 
account that the psychiatnc diagnoses were put into their final form 
before the calculation of the index values was completed 


** This case will be presented m more detail in a later stud> 
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If only the more or less clear manic-depressive and schizophrenic 
cases are selected the following index averages are obtained 



1 AVERAGE INDEX 

RANGE OF VARI- 
ATION 

All clear manic-depressive cases (11 cases) 

All clear schizophremc cases (23 cases) 

233 2 

280 7 

(154 -315) 
(178*-337) 


* Patient no 41 with dysplastic features, the He'd; higher index value is 229 


Since, how'-ever, the age factor as we have seen is of importance and 
since the manic-depressive patients usually have a considerably higher 
average age than the schizophrenic patients this has to be taken into 
account for the psychiatric correlations 



AVERAGE AGE 

RANGE OF VARI- 
ATION 


ygars j 


Clear manic-depressive cases 

39 3 

(18-65) 

Clear schizophrenic cases 

28 7 

(16-39) 


If only those cases above and mcluding twenty-nine years are selected 
(see discussion on page 425) the foUowmg index averages are obtained 



AVERAGE INDEX 

RANGE OF VARI- 
ATION 

■Clear manic-depressive cases (6 cases) 

Clear schizophrenic cases (12 cases) 

199 1 

260 3 

(154 -262) 
(178^-315) 

* Patient no 41 with dysplastic features, the next higher index is 229 


Correlation of aU clear manic-depressive and schizophrenic diagno- 
ses with morphological types from observation (mcluding patients with 
dysplastic features) gives the following percentages 


P 3 'knic 

In dear manic-depressive cases, all ages 

per cent 

45 5 

PyLnoid . . 


36 4 

Asthenic 

. 

0 

Athlehc 


9 0 

Unclear . 

• 

9 0 
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In clear schizophrenic cases, all ages 


Pyknic 4 3 

Pjknoid 0 

Asthenic ^ 4 

Atliletic 26 1 78 3 

Asthenic athletic mixed 34 8 

Endear 4 3 

In clear mamc-depressf'e cases 29 ^cars and over 
P>knic 66 6 

Pyknoid 33 3 

Asthenic 0 

Athletic 0 

In clear schizophrenic cases 29 years and over 

Pjknic 8 3 

P>knoid 25 0 

Asthenic 16 7 

Athletic 16 7 58 4 

Asthenic athletic mixed 25 0 

Unclear 8 3 


The different diagnostic groups are too small to allou a differentia- 
tion according to speaal types ot schizophrenic or affective reaction 
Hoivever, from the schizophrenic group may be selected all those cases 
ivith catatonic phases Three patients in this group show catatonic 
symptoms (patients nos 22, 23, 27) All three have indices in the 
upper fourth of the range of mde\ values (indices 306, 314, 298) Tv o 
patients in the schizophrenic group show simple detenoration (nos 
28 and 43) Theirindex values are above 300 (302, 337) Individual 
correlations of each case may be seen on table 2 

Independent of Kretsclimer’s researches, Bcnnger and DUser (8) 
showed thefrequentinadence of eunuchoid and feministic moiphologi- 
cal tmts in schizophrcmc patients Gibbs (23) found feminine dis- 
tribution of pubic hair in 13 per cent of schizophrenic patients admitted 
between sixteen and twenty, which was still present in 13 4 per cent 
after they were tw enty-one or over, but tins characteristic w as present 
in only 2 6 per cent of those patients admitted between twenty-one 
and forty 

Twelve patients of tlie group of sixtj five considered in this studj 
have d>splastic features Eleven of these showed among other djs- 
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plastic characteristics, feminine distribution of pubic hair Figure 18 
shows the relation of the dysplastic group of patients to the psychiatnc 
diagnoses of all sixty-five cases It will be seen that m the first group, 
consistmg of predominantly affective reaction types, there is only one 
case with feminine distribution of pubic hair (case no 8) This 
patient suffered from a psychosis which was diagnosed as predomi- 
nantly manic-depressive with the schizophrenic features specified on 
table 2 In the second group, consisting of predominantly schizo- 
phrenic patients, are nine cases with dysplastic pubic hair. These 
nine cases are scattered irregularly throughout the group Among the 
psychopathic personalities and psychoneuroses there is no dysplastic 
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Fig 18 Incidence of Dyspiashc Features in the Different Diagnostic Groups 
Illustrated by the Occurrence of Feminine Type of Crines among 65 

Patients 


case One such patient occurs in the organic reaction type group 
This patient (no 58) was a case of dementia paralytica with the some- 
what unusual feature that four years before admission to the hospital 
he suffered from an ill-defined depressive episode The twelfth patient 
of the group with dysplastic features, but with mascuhne crines, also 
suffered from a schizophrenic psychosis (no 20) The affinity of the 
schizophrenic reaction type to this dysplastic group is therefore evi- 
dent No conclusions as regards endocrinological factors in schizo- 
phrenic reactions can be drawn from this finding, because deficiencies 
of hair are found not infrequently in the general population How- 
ever, the contrast in this respect between the schizophrenic and the 
mamc-depressive groups is striking 
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The percentage of the incidence of body types in the general popula- 
tion IS not accurately 1 noi\n While the tj^ies of Viola, Sigaud, 
and Kretschmer, and our group with high and low indc\ values, have 
a certain similanty, no definite conclusions can be drawn with regard 
to the incidence of types in the general population from studies whidi 
have been done accordmg to only one of these classifications (hke 
that of Viola, see p 415) For this reason the emphasis of this study 
had to be necessarily on the contrast between the two psychiatnc 
diagnostic groups — the manic-depressive and the schizophrenic 
Apart from the relatively small number of cases in this matenal, a 
comparison of the percentages obtained by other authors following 
Kretschmer (see Kehrer and Kretschmer (39) table on p 174) is not 
earned out because these percentages based on the observ’ation of 
types do not suffiaently take into account the displacement of body 
types due to age They all contrast schizophrenic with manic-de- 
pressive patients, and it may be inferred that the manic depressive 
group shows a higher average age than the schizophrenic cases, if 
unselected cases are taken VTule from this study it seems apparent 
that, even apart from the age factor, the pyknic and p> knoid forms 
occur more in manic-depressive patients than in schizophrenic cases, 
and the athletic, asthenic and dysplastic forms occur more frequently 
among scliizophrenic patients as compared with manic-depressive 
reaction types, yet it does not seem possible as yet to state exactly 
how far the age factor is of influence For example, Kretschmer (45) 
quotes Uie statement of von Rohden that in nine hundred and thirty- 
seven manic-depressive cases of vanous observers who used his 
(Kretschmer’s) method, the percentage of pyknic bodj forms is 66 
per cent In our group of clear manic depressive cases, the percentage 
of typical pyknic body forms is only 45 5 per cent If, how ev cr, 
from this group of more or less clear manic-depressive psychoses, the 
cases with ages under thirty years arc taken out, the percentage of 
pyknic body types rises to 66 6 per cent (see pages 423 and 429) All 
the percentages of body types in ps>choses, based on observation, 
have therefore to be taken wath the greatest caution on account of the 
age factor Correlations should start from exact percentages of body 
tj-pes in the general population Since this is not possible as jet, tw o 
psj cholic groups arc contrasted which unavoidablj, at least ns far as 
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patients observed in psychiatric clinics are concerned, are of different 
age. Elretschmer has not done justice to the importance of the in- 
fluence of age He (39) gives three tables m which his schizophrenic 
and manic-depressive patients are classified in age groups, but they 
refer only to chest circumference, Pignet Index, and relation of stature 
to weight The age factor, therefore, seems at present one of the most 
urgent problems of investigation with regard to the morphological 
constitution in psychiatry. 

An attempt was made to make independent correlations between 
morphological type and prepsychotic personality Popular belief 
associates broad and slender body-types with all sorts of mental char- 
acteristics and habits Slender people are supposed to be more often 
cigarette-smokers, broad people more often cigar-smokers. Lovers of 
alcohol are supposed to be more broad, abstemious people more 
slender Broad people are often regarded as more materialistic 
and sensuous, slender ones as more idealistic and mystical There 
are many examples m folk-lore of similar beliefs That crirmnals and 
“bad men” are characterized by certain physical quahties and are often 
of dysharmonious growth, was a very mdespread popular behef until 
the advent of the modern moving picture era Homer depicted 
Thersites with a generally deformed body and misshapen head 
Deficiencies in hair growth are also associated with mental characteris- 
tics in popular belief, as shown for example m the French proverb: 
“Salute from afar the beardless man and the bearded woman ” 

It is not intended here to discuss in detail the many attempts that 
have been made to distinguish personahty types None of these 
attempts have been entirely successful They are aU based on sim- 
plifications which do not do justice to the complicated dynamic inter- 
play between the personahty and the social settmg From the findmgs 
of e^erimental psychology the human personahty as a hving entity 
does not emerge With the “psychodiagnostic test” of Rorschach 
constitutional differences between individuals can be found, similar to 

tlie epigram by J B Rousseau (1670-1741) 

Toujours ces sages hagards, 

Maigres, hideux et blafards, 

Sont souiI16s de qudque opprobre, 

Et du premier des Cesare 
L’assassm fut homme sobre 
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though not identical mth the intravcrted and cxtraverted types as 
distinguished by Jung Kretschmer has used the distinction of 
“schizoid” and “cycloid” personalities The concept of “schizoid” 
personality onginated from the obser\ation of three classes of indivi- 
duals first, the pre-psychotic personality of indmduals later suffenng 
from schizophremc psychoses, secondly, the type of to some-degree 
distinctive personahties sometimes found in the ancestry of schizo- 
phrenic patients, thirdly, a type of psychopathic personahty inth 
habitual psychopathological reactions similar to some extent to certain 
manifestations of the schizophrenic reaction tj^ie The concept of 
“cycloid” personality has a similar origin In this way personality 
types are postulated in relation to clinical entities The danger of 
this procedure hes in the fact that these ti\o veiy expanded groups 
are found again and again, because nothing else is looked for (Kahn, 
(38), p 48) In the form gi\en to them by Kretschmer thej do not 
constitute a new point of view, but rather the latest ramification of 
the Kraepehnian system of clinical disease entities The evidently 
secondary psychological presentation of these ti\o types is based on 
tno not unitary pnnciples called by Kretsclimer the “diathetic” and 
“psychaesthetic” proportions There is a great variety of individuals 
classified under those two tj^ies, which makes it doubtful whether one 
can speak of them as personahty “tj’pcs " Certain indixaduals de- 
senbed as schizoid personalities can be designated from a clinical 
point of view with the same justification, and from a therapeutic 
point of view more profitablj, as psjehoneuroses It seems that the 
indiscnmmate use of the term “scluzoid” maj do a great deal of harm 
Ihis term has the double meaning of being in fact closely related to 
schizophrenia, as in Kahn’s theory of the mode of hercditarj transmis- 
sion of schizophrema and of being in some waj psj chologically similar 
to it, as in Bleuler’s distinction of schizoid and sjaitomc.* 

In everyday life personalities are judged usually by the alfectii e 
attitude toward the enxaronmcnt, cspeaally other indivaduals and the 
soaal group It seems that with regard to the aflectixe attitude it is 
possible to distinguish among many indixiduals two dircctne tenden- 
acs, more or less evident throughout the course of hfc Some individ- 

•Thc word rj-n lomc conicp tl c mcaningofa tr-ni/uoedlOff'Ary.a harmon> bclKCon 
tlic indiv idual and his environment w hich is not the distinctive matt of U cse ndiv iduals 
wIiohavcnthcratendenc> inthcirafTectiveUfetoreacttogethcrwitl otficra, lurT- on 
cr etkrr^ise (See later discussion ) 
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uals look for satisfaction in contact with others, the emphasis of their 
affective experiences and reactions being always on the personal 
environment Not only do they react emotionally to the experiences 
of life, entailing coordination or disagreement with others, but they 
are always fundamentally in affective contact with the personal and 
soaal environment There are other individuals, on the other hand, 
who find satisfaction in difference, in detachment and isolation from 
the personal and social environment The emphasis of their emotional 
experiences is much lesson the other personahties with whom they come 
in contact during the course of life, and more on the reactions and 
ramifications of their own mental experiences, both intellectual and 
imaginative One may speak of the first group as the syntropic, 
because the tendency of the affective attitude of individuals included 
there is to assodation and contact with the personal and sodal en- 
vironment, the second group, with affective attitude characterized 
by a satisfaction in difference and separation from emotional relation- 
ship with other individuals of their environment, one may speak of as 
idiotropic.®® 

These characteristics are not sufiident to constitute personality 
types, but are suffidently distinct to denote antagonistic directive 
tendencies The assigning of an individual to the idiotropic or syn- 
tropic group must be dependent upon the evidence of more or less 
habitual reactions in the course of hfe Only very rarely do individ- 
uals change from one of these extremes to the other. It is not to be 
understood that syntropic individuals are always well-adapted and in 
accordance and harmony with the social environment. On the 
contrary, they are often not weU-adapted, but whatever psychological 
reaction may lead them to social estrangement the fxmdamental affec- 
tive tendency to influence the environment, to “get something across,” 
to find satisfaction and consolation in an emotional setting involving 
other individuals, is often apparent In the treatment of syntropic 
individuals with depression one often finds the tendency to suffer 
not alone, but through and with others^ Idiotropic individuals, 
on the other hand, need not be badly adapted, but may show good 
social adaptation This is, however, fundamentally due to lack of 

35 From the Greek -n-ord tropos meaning turn, turn of mind, affective tendency, and 
from the Greek syn- meaning together with, m company with, and tdws meamng singular, 
distmct, separate 
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emotional contact, rather than by virtue of it There are certain 
mmor traits in general behavior nhich are sometimes quite char- 
actenstic Syntropic individuals tend to be “free and easy’’ m soaal 
intercourse, even m actual bodily contacts, for instance walking arm- 
in-arm with compamons, whereas idiotropic individuals are often con- 
saous and self-consaous of the most meaningless and inadvertent 
physical contacts While it is not intended to discuss in more detail 
these differences in affective attitude,” an example from the pathologi- 
cal sphere may be given Delusions of persecution have been dis- 
tinguished, according to whether the persecution was deserved or 
undeserved, into delusions which arc condemmng (belastcnd) and 
delusions which are condomng (entlastend) There is, however, this 
further distinction between delusions of persecution in many cases 
idiotropic individuals are often persecuted by individuals or groups 
which themselves, according lo the patient's point of otew and evaluation, 
arc not socially integrated and conforming, are “different” or outlaws, 
or entirely individualistic and without any connection wath the soaal 
scheme for example, “the Cathohes,” “the Jews,” “the Masons,” 
“the political enemy,” “the devil,” “the undenvorld,” or, quite in- 
differently, “men” or “women ” Syntropic individuals, on the other 
hand, often elaborate delusions of persecution where the persecutors 
are, in the eyes of the patient, the very essence and sjmbol of soaal 
contact and cohesion, for example, “all the inhabitants of the home 
town,” "the police,” “all decent women,” "the whole familj,” 
“all my friends,” “the government,” “eveiy moral person ” Practi- 
cally the kernel of the group of individuals desenbed by Jung as in- 
travert and extravert, by Kretschmer as scliizoid and cjcloid, and 
by Hoch as shut-in personahtj , is closely related to these idiotropic 
and syntropic tendenacs 

The formulations of the pre-psj cliotic personalities were made at 
the same time as the psychiatnc diagnoses It is often difficult to 
arrive at a conclusion about the prc-psydiotic personahtj of mental 
patients Frequently the information giv en by relativ es, for example, 
is not reliable It can be observed sometimes that relatives and 
friends have a distinct lendencj, in cases of severe psjehoses, to dc- 

•' Tlic theoretical and clinical hcanng ol ihb tram of Uiought will he discuvjed In a 
later 5lud> 
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scribe the personality as what in their own evaluation is as good and 
“normal” as possible In mild disorders, on the other hand, they often 
have the tendency to make it appear to the physician as if the patient 
had been always somewhat abnormal, and as if there was not much 
change in him which necessitated his admission to the hospital This 
occurrence is not unimportant in a chnical study of the pre-morbid 
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Fig 19 Relationship between Index Values and Personauty Tendencies 


personality, and may be spoken of as the phenomenon of distorted 
personality anamnesis 

The following is an example of a summary of idiotropic tendencies 
(quoted from 90). 

Scluzophrema of predominantly hebephrenic type, with characteristic 
hyposthemc bodily constitution, schooI-girl, aged sixteen Pre-psychotic 
personality wilful child, showed little affection toward family, with abrupt 
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changes from one to another, did not n-ant to be touched or kissed, contrar> , 
reserved, had few contacts ivith boys or girls, daydreamer Had crushes 
on girls and on an older man ivith whom she had ne\er spoken Feeling 
of inferiority, learned well, but did not retain well Aspired to be cither 
“athletic” or “intellectual,” not as clever as sisters On basis of infenont> 
feeling, was selfish, bluffing, gave Uie appearance of conceit 

Only 31 patients could be assigned to the idiotropic or sjTitropic 
groups, either because there was not enough rehable information or 
because a predominance of idiotropic or syntropic tendencies did not 
clearly exist 

The correlations between index values and syntropic and idiotropic 
tendenaes can be seen on figure 19 

The average index of the syntropic group is 

217 2 (153-291) 


The average index of the idiotropic group is 
289 4 (242-337) 


The following are the percentages of body types derived from ob- 
servation m the syntropic and idiotropic groups 


Synlroptc 



ftrctnt 

Pyknic 

S3 4 

P>knoid 

33 3 

Asthenic 

6 65\ 

Athletic 

6 65) 

<lrof^c 


Pyknic 

0 

Pyknoid 

18 7 

Asthenic 

18 7 I 

Athletic 

18 7 } 

Asthenic athletic mixed 

37 5 1 

Unclear 

6 3 


13 3 


74 9 


It wall be seen that in the sjoitropic group pj kmc forms predominate 
over the asthenic and athletic types There are no djsplastic traits 
occurring in this group The opposite is true of the idiotropic cases 
The correlations between bodv-tjpe and pcrsona]it> tendenaes 
seem to be somewhat more pronounced than those wath psj dio'cs 
Thismav be due to some extent to the possibihtj tliatbj this sdcction 



Fig 20 Mr Pickwick 

From the drawing "A Coachmg Dream of Dickens” by Houghton, lUustratmg the 
pyknic habitus m a S 3 Titropic personahty (Compare descnption of pykmc habitus, 
page 394 ) 
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of distinct pre-ps>chotic personality patterns the more constitutional 
ps>chotic reactions were selected On the other hand it must be 
reahzed that from the descnption of the personality alone, from which 
the personahty diagnoses were made, it can not be said whether or not 
any of the individuals would later develop a ps>chosis That these 
personahty differences exist, and that they may have biological cor- 
relations with bodily habitus is very likely One is reminded of the 
physical habitus of certam characters in history and fiction, like Mr 
Pickwick, the benevolent, genial founder of the Pickwick Club in 
Dickens’ novel (fig 20), in contrast to the erratic, always isolated Don 
Qmxote, in Cervantes’ novel, whose slender body-type is traditional 
in all pictonal representations 

CONCLUSION, ASPECTS OF THE HUMAN CONSTITUTION 

It seems justified to assume that there is a certain correlation be- 
tween morphological constitution, mental disease and personahty 
The broader forms of habitus seem to occur more frequently in affec- 
tive psychoses and syntropic personahties, the more slender body 
forms in schizophrenic psychoses and idiotropic personalities Dys- 
plastic traits seem to have an affinity for schizophrenic reactions A 
nuraencal formula for this relationship can not yet be attempted 
with any degree of exactness It is tempting to venture upon the 
genetic interpretation of these types The dysplastic traits described 
are undoubtedly similar to certain endocrinological disorders, partic- 
ularly of the gonads and the pituitary The morphological and mental 
changes in cretinistic degeneration and myxoedema, which in the latter 
through thyroid medication are said to have led to perhaps the most 
sensational therapeutic successes in the whole field of mcdianc, are 
an often-quoted example of endoenne etiology Onlv the experiment 
can show how far this analogy can be earned through In tlie psy cho- 
pathological sphere, the polymorphous picture of thepsychopatholog- 
ical conditions due to and influenced by hyperthyroidism and dysthy - 
roidism” shows the danger of generalizations The metabolic dis- 
orders and the disturbances of the v cgelativ e nen ous sy stem desenbed 

**Scc Wertheimer and LjTnan (92) The hallucinatorv ps>*choMS with fear and cot. 
fusion (case 7) w as operated upon ard fuiall} tool a chronic more or schito 

phrenic ccur'c 



442 


F I. WERTHEIMER AND FLORENCE E HESKETH 


in affective and in schizophrenic psychoses may well be more directly 
related to the morphological constitution as a whole than to the psy- 
•chopathological reaction itself 

The problem of morphological changes in endocrine disorders has 
not been approached with sufficiently accurate ^anthropometric 
methods Instead, impressionistic morphological traits were trans- 
lated into a highly speculative endocrinological language The same 
iolds true of the endocrinological interpretation of psychological 
types, L Berman’s recent book “The glands regulating personahty” 
is an example Even in the relatively simple sphere of eunuchoid 
personalities, no unitary dedsion has been reached Frankel (22) 
Ends in the eunuchoid character the most multiform qualities Scherk 
(78) finds among eunuchoids a “unitary mental structure” which can 
be dearly defined and delimited as a whole, and shows variations only 
as to degree — ^in other words, a psychological “type ” Kretschmer 
(46) sees close analogies between eunuchoids and schizoid psychopathic 
personalities It is evidently for such reasons that Lipschutz (51) 
says “The deeper one enters into the problem of connections between 
inner secretions and personality, the dearer it becomes that every 
progress in this spedal question is dependent on a more thorough 
study of the typological problem itself” (p. 253) 

A fundamental connection between body architecture and mental 
disease, or disposition to mental disease, is inconceivable unless one 
would believe in a fate-hke transmission of both A genetic explana- 
tion would have to take into account constitutional signs in the 
physiological sphere The possible variations of simple physiological 
activities in different individuals have received very little sdentific 
attention According to Wuth (93) the carbohydrate tolerance, 
-endogenic purin and creatinin excretion, and nitrogen minimum show a 
remarkable individual constancy and may well have correlations 
with other constitutional signs From the facts that have been defi- 
nitely established it seems, however, more than likely that the individ- 
ual variations of even the most simple physiological reactions like 
the knee-jerk or the respiration volume, are far greater than the 
variation of certain morphological signs Rautmann (71) has obtained 
from soldiers and students data which show this for a number of 
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morphological and physiological signs The smaller the range of 
individual vanations for one sign, the greater significance may be 
attached to it, if it shows in an individual or a group of individuals 
values outside the usual small range of variations Apart from their 
great v’anabihty, however, the correlations of physiological reactions 
among themselves are as yet very uncertain, even in the field of the 
vegetative nervous system, wluch seemed to offer most hopes for the 
establishment of physiological types From the physiology of respira- 
tion Rutz (1911) (quoted by Gruhle (27)) has distinguished four 
respiration types, with supposedly characteristic mental make-up 

1 The abdominal type 

2 The ascending tvpe 

3 The descending type 

4 The thoraac tj^ie 

but although his observations are doubtless interesting, these tj^ies 
are somewhat speculative and construed 
The concept of the unity of the organism has been used in recent 
times by biologists and psychiatrists Vet in the field of investigation 
of the human constitution the limitation of methods makes desirable 
the distinction of the morphological, physiological or psychological 
aspect of constitution No attempt to explain the human organism 
as a whole can be complete vvlucli leaves out any one of them At- 
tempts have been made very frequently to make short-cuts and to 
express psychological reactions in terms of morphology or phsyiology 
Graves (26), one of the last sacntists imbued with the spirit of Gill, 
has taken refuge with the shoulder-blade for the estimation of human 
adaptability, because he wrongly believes that “we cannot subject the 
mental side of man to direct observation ” The uselessness and danger 
of translating psychological facts immediately into a physiological 
language “which at present is entirely arbitrary'” (36) has been often 
pointed out, especially by Janet and Adolf Meyer Tlie modem 
psychoanalytic mechanism of compensation has been directly related 
bv Lewas (49) to “somatic compensatory changes of growth” in para- 
noid schizophrenic patients The constitutional types of Kretschmer 
have already led widi some authors to a terminology in which mor- 
phological and psychiatric expressions are mixed Liepmann (SO) 
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contrasts the ‘'pyknic” type -with the “schizoid” type (p 168) In a 
similar way Naccarati (63) on page 256 states that Kretschmer’s 
“pyknic types” correspond to the macrosplanchnic, the “schizoid 
types” to the microsplanchnic, or, in another place (62), “Too much 
mental repression and the quick muscular exhaustion make the 
hyperthyroid a prospective candidate for the asthenic forms of psy- 
choneurosis ” This latter passage illustrates well the mixture of 
psychodjmamic, physiological, endocrinological and psychiatric- 
clinical language. Pende (65) has elaborated a speculative simplified 
scheme in which he reduces “morpho-physiological” and psycholog- 
ical facts to two biotypes (p 48). 

Although we must assume that structure and function have a 
definite relationship also in the sphere of psychobiological integration, 
both the extent and the nature of this relationship are as yet unknown 
and a field for investigation To use morphological constitutional 
signs for psychiatric diagnosis or prognosis is premature, although 
the incidence of dysplastic features may perhaps be used "with some 
caution in differential diagnosis Nevertheless, the possibility of 
moiphological and psychopathological correlations opens a field for 
investigation with a bearing upon many lines, and seems to have a 
significance which no thoughtful clinician can overlook. 

SUMMARY 

1 From a historical study of the subject of characteristic body types 
it becomes clear that' 

a. Attempts to describe body types have been made frequently, 
the early studies were mixtures of morphological, physiological and 
psychological features 

h. Medical studies of the subject were undertaken primarily with 
the view of correlating body types with disposition to disease as in de 
Giovarmi’s investigations. 

c In psychiatry anthropological studies were influenced largely 
by the doctrme of degeneracy (Morel, Lombroso). 

d A comparison of attempts to formulate morphological types shows 
a remarkable uniformity of the characteristic body forms aimed at by 
different investigators These various classifications have not all been 
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collected and compared before, some authors having been overlooked 
rn the literature on the subject, and almost forgotten (Cams, de 
Giovanni, Mills, etc ) 

2 For the purpose of invesbgations like the present one, the human 
constitution is defined as the correlative umty of those morphological, 
physiological and psychobiological developments of the individual 
which are definitely more influenced by heredity than by environment 

3 From a critical review of the methods to be applied it becomes 
apparent that methods of observation and evact measurements have 
to be used, the problems of clinical anthropology are different from 
those of raaal anthropology, and therefore the methods have to be 
adapted accordmgly 

4 The descriptions of types given by Kretschmer are the most 
useful Very similar types have been desenbed before by other 
authors (de Giovanni, Manouvner, etc) Drawings of two young 
individuals of the same age are given here as illustrations of the mam 
differences between the pyknic and asthenic types (Plates 1-V) 

5 The methods of observation are clanfied and simplified by tlie 
introduction of schematic diagrams, showing typical forms of tmnk 
profile, head outline, hands, forehead, lips and chin (Figs 3-7) 

6 From an inductive study using exact anthropometric measure- 
ments alone no morphological types were found 

7 A critical review of so-called constitutional indices shows that 
none of them can be put to clinical use, for example, the Pignet Index 
used by Henckel contains weight, which is vanable in mental disease 

8 A new index using skeletal points alone is described 


Index « 


Leg length X 10^ 

(Transverse chest D*) X (sagittal chest V) X (trunh height) 


X JOO 


• D represents diameter 


This index is based on do Giovanni’s conception that the impression 
of the existence of morphological types is based on the relation of trunk 
volume to limb lengtli In the 63 patients of tlus study the observa- 
tion ty^ies agree remarkably' with the index values, showing that the 
extreme low index V'alues correspond to the pyknic type and the 
extreme high values to the asthenic type, with the less characteristic 
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types between In this way it is shown for the first time with exact 
anthropometric methods that there are no types in the strict sense^ 
but only transitions which probably fit into a normal frequency curve, 
the extreme forms impressing one as types 

9 The dear asthenic, athletic and pyknic observation types of 
Kretschmer can be exactly differentiated by the use of the index; 
the athletic type stands between the asthenic and pyknic types, ac- 
cording to the index, but defimtely nearer the asthenic 

10. The practical advantage of the index is that it can easily be 
put to chnical use. 

11. The influence of race and occupation on these typical body 
forms seems negligible 

12 Among the patients with high index values the schizophrenic 
psychoses predominate over the manic-depressive psychoses, among 
the patients with low index values (pyknic and pyknoid) the manic- 
depressive psychoses predominate The exact numerical relationship 
cannot yet be established on account of the influence of age and 
growth 

13 Cases in the affective group spedfied as showing schizophrenic 
reactions show morphological characteristics which are more frequent 
in the schizophrenic group 

14 Dysplastic features (anomalies in the distribution of hair and 
fat, marked disproportions of the body) predominate very definitely 
in the schizophrenic group, so that vuth some caution they may be 
used in differential diagnosis 

15. The age displacement of types is an important source of error 
(less significant for dysplastic features) , with the percentages of body 
types in psychoses given by Kretschmer and other investigators 
using his methods, one is forced to consider that the average age of 
unselected manic-depressive patients is greater than that of schizo- 
phrenic patients Kretschmer quotes Rohden- in 937 manic-depres- 
sive cases 66 per cent are pyknic, m our group of patients the per- 
centage is only 45 5 per cent If, however, the cases under thirty 
years of age are left out, the percentage is 66 6 per cent 

16 Two groups of prepsychotic personahties are contrasted with 
regard to the affective attitude toward the personal and social environ- 
ment, those who seek satisfaction in emotional contact vdth others 
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(syntropic) and those vho find satisfaction m being detached and 
isolated, -mth the emphasis of their emotional experiences not on other 
personahties but more on the reactions and ramifications of their own 
mental experiences both intellectual and imaginatixe (idiotropic) 
These cliaractenstics do not constitute personality tj'pes, but denote 
antagonistic directixe tcndenaes with regard to aficctne attitude 

Average index of s>Titropic group 217 2 

Average index of idiotropic group 2S9 4 

The pyknic habitus predominates in the sj ntropic group, the asthenic- 
athletic types in the idotropic group 

17 The endocnnological interpretations of morphological and 
psj'chological tjpes are speculative (Pende, Berman, Kaccarati, etc), 
a genetic explanation of the relationship between morphology and 
psychopatliology wall, however, hav^e to take into account constitu- 
tional signs in the ph)'siologic<al sphere The limitation of metliods 
makes desirable the distinction of the morphological, phj siological 
and psychological aspects of the human constitution 
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auto-infection which patients with hard chancres exhibited, was well 
developed before the appearance of generalised lesions Indeed, so 
firmly was the principle established that wide-spread use was made of 
it in the differential diagnosis between chancre and chancroid Thus 
it came about that before the year 1865 literally thousands of purpose- 
ful reinoculation experiments had been performed upon syphilitic 
individuals in the early stages of their infection 

RoUet has summarized all this work and his conclusions are of inter- 
est for they give us an accurate idea of the then-existing (1865) state 
of knowledge concerning this subject Says Rollet, 

If reinoculation is possible before the appearance of syphilis, when it is 
in the stage of mcubation, it is no longer so at the time when the primary 
lesion appears: when the chancre is manifest, when it commences to 
develop, it is irremoculable, and it preserves this same character of 
irreinoculability during the entire period of its evolution (experiments of 
Nodet) 

From that time on immunity is an accomplished fact one finds it in 
secondary syphilis to the same extent as in primary syphilis, it is also found 
in tertiary syphilis and even in old syphilitics several years after the dis- 
appearance of every lesion (experiments of Baerensprung) That 

is the general rule. As for the exceptions, however rare they may he, 
they show us that in some cases, in the primary as well as in the secondary 
stage of the disease, this immunity cannot be absolute Reinoculations 
have been made with success, but in a very small number of cases, and 
the result, which, in order to be complete, should have reproduced the 
regular course of the disease, has always been but slightly pronounced ® 

Thus matters stood in 1866 and for some time thereafter, as evi- 
denced by the summary of the situation by Mauriac, (16) who in 1883 
wrote as follows 

1 Remoculation is possible before the appearance of the chancre and 
during the first incubation, at least up to the twenty-second day of this 
period 

2 It IS no longer possible when the chancre begins to develop 

3 During the entire evolution of the chancre the immunity is an accom- 
plished fact (“un fait accompli”) 


*\Vnter’s translation 
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4 This immunity persists in the secondary period to the same extent 
as in the primary period 

5 One finds it also in tertiary syphilis and even in old syphihtic pa- 
tients many years after the disappearance of every manifest lesion 

6 In very exceptional instances reinoculations have been made with 
success, but without the characteristic adenopathies or the cutaneous, 
mucous or other lesions which always accompany the true syphilitic 
chancre 

7 The immunity, which a priori one would think ought to diminish with 
time, appears actually from experimentation (observation of Schnepf) to 
be less than during the secondary period 

8 A syphilitic individual would be more apt to be refractoij’ to his 
own virus than to the virus from an individual who had attained a more 
advanced and perhaps more intense stage of the disease 

9 In general the pretended reinoculations are very hypothetical and in 
the experiments immunity has always been the rule in all stages of syphilis 

To all of these propositions, except number 8, Neisser gives his 
assent 

Even before Maunac wrote the foregoing, instances were being 
reported in which persons with chancres had been successfully inocu- 
lated a second time and a syphilitic lesion produced In general, 
however, in the case of these apparent exceptions to the rule reinocu- 
lation was performed soon after the appearance of the chancre and 
not during the latter part of the pnmary period When reinoculation 
was performed later it was almost umformly negative Although 
Taylor (17) was successful in produang a second chancre by inoculat- 
ing with the patient’s own virus as late as the 14th day after the 
appearance of the original lesion and Pontoppidan (18) produced 
lesions by inoculating a patient 17 days after the appearance of the 
chancre, the number of successful reinoculations during this period of 
the disease was far below the number of failures There seems to be 
general agreement that the lesions produced by auto-inoculation were 
not as charactenstic as the onginal chancre 

These older experiments, granting the clinical diagnosis was cor- 
rect, showed that the refractory state is not present in man before the 
appearance of tlie chancre but is mamfest shortly after the primaiy' 
lesion IS established Tow ard the end of the primar}' stage and during 
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the period of manifest secondary lesions the refractory stage is prac- 
tically complete and universal, according to the older work 
It IS difficult to form an opinion from the older literature as to 
the susceptibility of patients with late syphilitic lesions to a new infec- 
tion, because there are so few observations or expenments on record 
Occasional instances of reinfection in patients known to have had 
syphilis previously have been reported but the authenticity of these 
has been criticised Auto-inoculations upon the bearers of tertiary 
lesions proved negative Schnepf (19) in one instance apparently 
succeeded in reinfecting a syphilitic individual showing numerous 
gummata with virus from another patient The most that can be 
said in this respect is that there are on record in the older literature a 
very small number of observations which indicate that in exceptional 
instances a person infected with syphilis several years previously may 
acquire a second infection These cases must be regarded as consti- 
tuting exceptions to, rather than examples of a general rule 
Even if one were inclined to dismiss all the evidence for the existence 
of acquired immunity in syphilis accumulated by the clinical investi- 
gators of the last century, on the grounds that accurate diagnosis was 
impossible through lack of knowledge of the causal agent of the dis- 
ease, one would not be Justified in dismissing the evidence obtained by 
purposeful inoculations performed upon syphilitic human beings in 
the years following the discovery of the Trepmema palhdim, any more 
than one can dismiss the information obtained from study of the ex- 
perimental disease in the lower animals The era following the recog- 
nition of the causal agent of the disease and the successful reproduc- 
tion of the infection in am’mals has indeed proved to be a most fruit- 
ful one and the facts acquired during that time have contributed 
enormously to our knowledge of the subject We shall approach this 
phase of the work by considering what takes place in human beings, 
monkeys and rabbits at different periods, more or less arbitrarily 
chosen, in the course of the infection 

1 Incubahoti period, a. Man. The writer has been unable to 
find any account of experiments performed since 1905 upon human 
beings during the first mcubation period before the appearance of the 
primary lesion, although there were a few such experiments in the 

preceding century. 
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1) Monkeys MetsclmikofE and Roux (20) succeeded m producing 
lesions in an orang-outang with a second inoculation performed 10 days 
after the first inoculation, which also resulted in the production of a 
lesion The mcubation period of the second lesion was shorter than 
than that of the first by 6 days Finger and Landsteiner (21) in 5 
expenments upon rhesus monkeys succeeded in each instance m pro- 
duang second infections when the second inoculation was performed 
9 to 14 days after the first The average incubation penod of the 
second chancre was 7 days shorter than that of the first Similar 
results were obtained by Neisser m 9 apes when the second inoculation 
was made dunng the first incubation period, even if an interval as 
long as 51 days elapsed between the first and second inoculations 
The incubation penod of the second lesion was not always shorter than 
that of the first Kraus and Volk (22) also succeeded in producing 
supennfections in apes by inoculating a second time as late as 23 days 
after the first inoculaton and before the first chancre had appeared 
They did not always find a shorter incubation penod for the second 
chancre but did note that such lesions were not typical and tended to 
be smaller and to heal more rapidly than those produced by the first 
moculation 

c Rabbtls Truffi (23) found that second infections could be pro- 
duced with considerable regulanty m rabbits if inoculation were 
perfonned dunng the first incubation penod and Nichols (24) stated 
that “rabbits can be infected in both testicles if moculated at the same 
time or within one to two weeks of each other ” 

Thus the expenmental work on apes and rabbits supports the older 
chmcal expenments in that it shows that dunng the first mcubation 
penod, up to the time of the appearance of the chancre, the host is 
still susceptible to a second infection introduced by scanfication of 
the skin, and can be made to develop a second chancre There is 
some indication, from the shortening of the incubation penod of the 
second lesion m some expenments, that the host is already developing 
a partial resistance against foreign virus 

2 Period of early lesions By this term is understood the penod 
elapsing between the appearance of the chancre and the healing of 
the secondary lesions As is w eU known this is the penod dunng which 
the maximum dissemination of organisms is takmg place It also 
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includes the interval during which the body manifests its first defen- 
sive reaction toward the invaders, as exhibited in the spontaneous 
healing of lesions While the actual time limits of the period are 
perhaps better appreciated in man, they are of course not sharply 
defined but for purposes of discussion this period of the infection may 
be singled out from the others It is far less easy to dehmit it in the 
lower animals, however, because of the relative scaraty of secondaiy 
lesions For that reason when we come to discuss what takes place 
in monkeys and rabbits we shall have to rely upon time intervals 
expressed in days after inoculation and chosen somewhat arbitrarily 
a Man That the syphilitic individual during this period of 
his infection gradually acqm'res a resistance to his own or foreign 
virus inoculated upon the scarified skin has been clearly demonstrated 
by the experiments of Queyrat, and by Levaditi and his co-workers 
Queyrat (25) conducted a senes of 19 auto-inoculations by scarifica- 
tion of the skin of patients presenting chancres and obtained 10 
positive results Control scarifications with sterile instruments 
were perfonned in each instance No lesions were produced if the 
original chancre was older than 15 days The average incubation 
period of these auto-inoculation products was about 13 days The 
lesions which he produced contained numerous spirochetes but he 
himself recognized that they did not present the typical appearance of 
chancres and he spoke of them as “abortive chancres ” He regarded 
them as having been modified by the pre-existing syphilitic infection 
Auto-inoculations by Nobl (25a) in 8 patients with syphilis prior to 
the outbreak of secondaiy lesions all proved negative 
Levaditi, La Roche and Yamanouchi (26) compared the results of 
auto-inoculation with the occurrence of the Wassermann reaction in 
6 experiments upon human beings with syphilitic chancres They 
succeeded in producing a second chancre in three patients with pri- 
mary lesions 4 to 8 days old and in all of these the reaction was nega- 
tive In the remainmg 3 patients with chancres 8-9 days old reinocu- 
lations were unsuccessful and in two of these the Wassermann reac- 
tion was positive They attach considerable importance to this co- 
existence between the development of the resistant state and the 
-development of a positive Wassermann reaction in the blood serum 
These expenments of Queyrat, of Levaditi and his co-workers and 
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of Nobl would indicate that a high degree of resistance of the skin 
toward a second syphilitic infection develops in man soon after the 
appearance of the primary lesion The observations of Finger and 
Landstemer and of Ehrmann upon patients with secondary sypihdis 
ivould however indicate that this resistance is not absolute 

Finger and Landstemer 127) found that if they introduced relatively 
large amounts of syplulitic virus into pockets made m the deeper layers 
of the skin of patients with manifest secondary cutaneous lesions, 
they were able to produce lesions which did not present the climcal 
characteristics of a chancre but closely simulated the lesions which 
the patient himself was exhibiting at the time Control inoculations 
with non-syphilitic matenal or with heat-kiUed syphilitic virus were 
negative In their hands these inoculations were more successful 
when performed before the appearance of secondary lesions than when 
carried out later Thus in 27 patients inoculated in the second mcu- 
bation penod lesions developed in 24, or almost 90 per cent, whereas in 
40 patients inoculated after the appearance of secondary lesions the 
number showing lesions amounted to 27, or 66 per cent 

Ehrmann (28) inoculated a series of 45 syphihtics who presented 
“ulcero-crustaceous papules,” with matenal containing active syphili- 
tic virus and obtained in each instance what he regarded as a S)rphihtic 
lesion The lesions produced were certainly not chancres, they were 
descnbed as scaly or crusted papules and w ere not follow ed by regional 
lymphadenitis This senes of expenments seems to have been care- 
fully controlled to exclude the possibility of trauma alone being re- 
sponsible for the production of the lesion, nevertheless Neisser cnti- 
ased them and expressed considerable doubt as to whether true 
syphilomata were produced The conditions under which the inocu- 
lations w ere earned out w ere such as not to exclude the possibility of 
secondary infection playing a role in the pathogenesis of the lesions 
Somewhat similar but less imiform results have recently been reported 
by Cappelli (29) 

It seems clear that characteristic pnmaiy lesions were not produced 
in the auto-inoculation expenments of cither Ehrmann or Finger and 
Landstemer About all that one would be justified in concluding from 
them would be that the skin of patients with secondary' syplulis is 
not umformly and completely indifferent to new sj'pluhtic virus in- 
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troduced under certain special conditions Zinsser is undoubtedly 
correct in his contention that the observations do not invalidate the 
conclusion that “there is a resistance at this stage higher than that 
of the normal subject ” 

b. Monkeys. The expenmental work on monkeys has yielded 
results that are in strict accord with those obtained in the human 
experiments Metschnikoff and Roux (30) succeeded in superinfect- 
ing apes as late as 10 days after the appearance of the chancre Finger 
and Landsteiner in 9 experiments with rhesus monkeys succeeded in 
producing second infections in 6 instances when the second inoculation 
was made not later than 5 days after the appearance of the first 
chancre They noted a shortening of the incubation period of the 
second chancre and a diminution in the size of the lesion which they 
attributed to the influence exerted by the first infection Kraus and 
Volk succeeded in producing second chancres in syphilitic apes with 
primary lesions 2, 4, 6 and 1 1 days old but failed in 6 instances in which 
inoculations were made 2, 4, 5, 7 , 10 and 19 days after the appearance 
of the first chancre They failed to note a uniform shortening of 
the incubation period in the case of the second infection 

Neisser successfully reinoculated 2 apes on the day the original pri- 
mary lesion appeared He obtained successful remoculations in 9 
apes as against unsuccessful remoculations in 135, when the second 
infection was performed after the appearance of the first chancre 
The percentage of successful remoculations was greatest when the 
attempt was made before the eightieth day of the disease, and was 
almost ml when the attempt was made at a later period 

e Rabbits In the foregoing e^enments upon human beings and 
monkeys the inoculations were almost always made by the cutaneous 
or subcutaneous route When we come to consider the state of affairs 
in rabbits we have to take into account other modes of inoculation 
The first authentic transmission of syphilis to the rabbit was accom- 
plished by inoculation mto the anterior chamber of the eye, with the 
production of keratitis In the earlier reinoculation expenments this 
method of inoculation was employed and it was not until later that 
the testicular and subscrotal methods were adopted The subcutane- 
ous and intracutaneous methods have not been employed in rabbits to 
anything like the extent that they have been used in apes From the 
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work of several investigators it is dear that in rabbits the results 
obtained from reinoculation vary to some extent, dependmg upon the 
site of the ongmal and also of the second inoculation This pomt, as 
Tomasczewski has emphasized, should be kept dearly in mmd ivhen 
evaluating any reinfection experiments in syphilis, and for that reason 
we shall discuss first the mformation obtained by moculation of the 
anterior chamber of the eye, and then that obtamed by the more com- 
mon intratesticular and subscrotal methods of inoculation, m un- 
treated ammals only 

A First and second inoculations in the anterior chamber of the eye 
BertareUi was the first to carry out reinoculation espenments in 
syphihtic rabbits Both first and second inoculations w ere made mto 
the antenor chamber of the eye In his first expenments (31) he 
used virus from human sources, hence heterologous, and in three rab- 
bits which had previously had unilateral syphilitic keratitis he was 
unable to produce disease of the opposite (unafiected) cornea upon 
subsequent inoculation In a second senes of expenments (32) m 
which syphilitic virus was used that had been passed through rabbits 
and hence was presumably homologous, he inoculated corneas m which 
syphihtic keratitis had previously been present and m 1 of 4 ammals 
keratibs developed From these expenments he concluded that there 
IS no absolute local immunity for comeal syphihs of rabbits Truffi 
(33) inoculated one antenor chamber and both scrota of a rabbit and 
147 days later, after the lesions had healed, remoculated both antenor 
chambers and both scrota and obtained a negative result 

On the other hand, Purckhauer (34) obtained 3 successful remocula- 
tions m rabbits that had had a syphihtic keratitis previously He does 
not state whether or not he obtamed any negative results and he 
concludes that comeal s 3 phihs does not produce any immumty towards 
a second infection From this conclusion he deduces that no generali- 
sation of the syphihtic virus takes place m rabbits after ocular inocu- 
lation Colombo (35) stated that a rabbit’s eye, in which syphilitic 
keratitis has been produced and which has apparently healed spon- 
taneously, can be remoculated with success Uhlenhuth and Wei- 
danz (36) found that syphihtic keratitis of one eye does not, as a rule, 
protect the other cornea against infection, whether or not the dis- 
eased eye is enucleated pnor to inoculation 
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Unfortunately many of the details of the earher experiments have 
been omitted from the authors’ papers so that it is a well nigh hope- 
less task to attempt to analyse the conflicting results obtained by the 
various workers About all that one can conclude with safety from 
this material is that some rabbits with healed comeal syphilis are 
resistant to a second ocular inoculation, while others are not, in other 
words, that the refractory state is not universal so far as the cornea is 
concerned 

B First inoculation in the anterior charnber, second tnoculahon testic- 
ular or subscrotal Uhlenhuth and Muker (37) inoculated the ante- 
rior chambers of the eyes of 4 rabbits with syphilitic virus and in all 
a bilateral keratitis developed After the keratitis had healed spon- 
taneously the animals were inoculated intratesticularly with virus 
from syphilitic rabbits and in 3 of the 4 orchitis subsequently de- 
veloped In a similar series of expenments Tomasczewski (38) ob- 
tained 5 successful reinoculations in 6 animals with healed syphilitic 
keratitis, the second inoculation being made with rabbit vims in the 
subscrotal tissue from 2 to 128 days after the keratitis had healed 
In 17 rabbits with pre-existing syphilitic keratitis Adachi (39) obtained 
8 successful reinoculations using the subscrotal method 41 to 120 days, 
after the first infection 

From these experiments it would appear that syphihtic keratitis in 
the rabbit does not confer protection against a second infection intro- 
duced into the testis or scrotum 

C First inoculation testicular or subscrotal, second inoculation in the 
anterior chamber The results obtained when the first inoculation of 
syphilitic vims is made into the testis or the scrotum of the rabbit 
and the second into the anterior chamber of the eye have been con- 
flicting Uhlenhuth and Muker inoculated 11 rabbits intratesticu- 
larly, some unilaterally and some bilaterally, and subsequently inocu- 
lated them a second time by the intraocular route The interval 
between first and second inoculations varied from 59 to 170 days, 
in some of the ammals the orchitis was still active at the time the 
second inoculation was performed, in others it had healed In only 
1 of the 11 ammals did the second inoculation result in a keratitis, in 
this instance after an incubation penod of 25 days. Tomasczewski, 
on the other hand, obtained almost the opposite result He inocu- 
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lated 21 rabbits subscrotally and m all of them S}T3liibtic lesions 
developed Second infections were then performed by the intraocu- 
lar route from 39 to 105 days after the first inoculation In 16 of 
the 21 animals, or 76 per cent, keratitis developed from 4 to 6 weeks 
after inoculation He states that this incidence of positive reinocula- 
tions IS almost identical with the inadence of infection obtained by 
Turn in normal rabbits inoculated m the same manner More recently 
Frei (40) inoculated 25 rabbits subscrotally or intratesticularly, or 
by both methods and, after the lesions had healed, reinoculated by the 
intraocular route The interval betw een first and second inoculations 
vaned from 2 months to 2i years He obtained only 4 successful 
remoculation results, or 16 per cent In his expenments he employed 
"homologous virus for the second inoculation In a similar expenment 
Adachi (39) obtained 5 successful reinoculations m 18 rabbits 

It IS difficult, if not impossible, to explain these conflicting results 
The high percentage of negative results obtained by Frei, as contrasted 
with the numerous positive results of Tomasczewski, might be ex- 
plained on the basis of longer interval between first and second inocu- 
lations but in that case the negative results obtained by Uhlenhuth 
4ind Mulzer are still to be explained Careful scrutiny of the proto- 
cols of the expenments of the latter fails to disclose any way in 
which their results may be brought into harmony with those of 
Tomasczewski 

D First and second inoculations testicular or scrotal In most 
of the studies dealing with reinfection in expenmental syphihs of the 
rabbit, the testicular or subscrotal methods of inoculation have been 
employed Truffi (41) was apparently among the first to conduct such 
expenments In 1908 he inoculated a rabbit subscrotally w ith human 
virus and obtained a syphiloma which healed spontaneously Five 
successive attempts at remoculation of this animal by the same method 
yielded negative results A sixth attempt, performed 514 days after 
the original inoculation, yielded a positive result Altogether he 
reinoculated 6 rabbits and succeeded in produang a second infection 
in 4 instances, including the one mentioned In these animals the 
second (successful) inoculation was made 12, 26, 76 and 514 days after 
the first It is not clear from his article that all the negativ e results 
are recorded 
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Ossola (42) reinoculated 4 syphilitic rabbits but failed to obtain a 
single positive result In the case of 2 of the animals the interval 
between first and second inoculation was 56 and 106 days, respectively 
In the case of the other 2 the time interval is not stated Homologous 
virus was used for reinoculation in all 4 animals 

Uhlenhuth and Mulzer remoculated 8 rabbits at intervals of from 
53 to 178 days after the first inoculation and obtained what they re- 
garded as successful reinoculations in 7 In 4 of these the lesion 
developed in the testis which had not previously been inoculated 
No significant differences in the incubation penod of first and second 
infections were noted Reinoculations were apparently made with 
the same strain of treponemes In the single instance in which a 
negative result was obtained the second inoculation was performed 
178 days after the first 

TomasczewsM remoculated 24 syphilitic rabbits at intervals of from 
7 to 92 days with homologous virus, both first and second inoculations 
being made subscrotally, and obtained lesions in 18 animals All 
those reinoculated before the sixty-seventh day of the disease gave 
positive results and none of those in which the second inoculation was 
performed after this time showed any signs of a second infection The 
character of the lesions produced as a result of remoculation varied, 
half of them were chandres and the other half papules Tomaszcew- 
ski interprets the occurrence of papules as an evidence of changed 
reaction capacity on the part of the scrotal skin 

Nichols reinoculated 5 syphilitic rabbits, the second inoculum being 
introduced into the opposite testis from that originally inoculated, 
and obtained what he regarded as second mfections in 3 of the animals 
The originally inoculated testis had been removed prior to remocula- 
tion in 2 of these animals In each instance the incubation period of 
the second infection was longer than that of the first 

Zinsser, Hopkms and McBumey (43) reinoculated 17 syphihtic 
rabbits, the homologous strain being used in 4 instances and a heterol- 
ogous strain in 13 Altogether, lesions containing treponemes were 
produced m 3 instances and in a fourth chancres were produced but 
treponemes were not demonstrated. In 5 of the remaining 13 small 
nodules” appeared following the second infection but the authors are 
in doubt as to the nature of these lesions since no treponemes were 
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demonstrated m them The remaimng 8 ammals showed nothmg at 
all followmg the second inoculation The interval between the first 
and second inoculation was comparatively long, rangmg from 38 to 
458 days In all but one instance this interval exceeded 100 days 
The 3 imdoubtedly successful reinfections obtained by these observers 
occurred in animals remoculated with heterologous strams 

Fournier and Schwartz (44) concluded that rabbits in which sj’phili- 
tic lesions have been allowed to heal spontaneously are refractory to a 
second infection with the same strain 

Brown and Pearce (45) showed that if untreated rabbits with bila- 
teral syphilitic orchitis were inoculated by mtracutaneous mjection 
with the homologous strain of treponemes 24 days after the first inocu- 
lation, slight lesions were produced at the site of the second inoculation 
in a few mstances The lesions produced, however, were not com- 
parable with those seen in the control animals, but they were regarded 
as syphihtic by these authors 

Kolle (46), on the basis of several hundred remoculation expen- 
ments, has stated that if a second moculation is earned out w ith homol- 
ogous strains of treponemes (Truffi strain) withm 60 days after the 
first moculation, a typical chancre may be produced in 50 to 60 per 
cent of the cases If the remoculation is performed between the six- 
tieth and mnetieth day, occasionally a chancre is produced, whereas 
if it IS earned out after the mnetieth day no lesion develops Most of 
his remoculations were by the mtratesticular route but some were 
made upon the skm of the back Frei obtained similar results In 
8 remoculations performed before the twenty-eighth day of the disease 
with homologous strains, lesions were produced m every instance in 
7 performed 49 days after inoculation the result was negative in 4 
instances and positive m the remaining 3, whereas in 52 rabbits in 
which the second inoculation was earned out from 63 days to 4 years 
after the first, all of the animals were refractory to a second infection 

Reiter (47) remoculated 19 rabbits at mtervals of from 133 to 602 
days after the first inoculation and obtamed 3 undoubted and 1 
questionable remfection Ten of the remoculations were made with 
homologous strains and 9 with heterologous strams All of the suc- 
cessful remoculations and the questionable one were obtamed with 
heterologous virus Chesney and Kemp (48, 49) remoculated 8 
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rabbits mtb the homologous strain of treponemes from 270 to 336 
days after the first inoculation and in no instance were they successful 
in obtaining any macroscopic lesions Adachi (50) remoculated 31 
syphilitic rabbits 151 to 531 days after the infection and obtained 7 
successful reinfections, all with heterologous strains, whereas all the 
reinoculations with homologous strains were negative The same 
investigator produced chancres in a series of rabbits by um-lateral 
scrotal inoculatibn At varying intervals (3 to 43 days) after the 
appearance of the chancre the lesion was excised and used for inoculat- 
ing the opposite testis When the excision of the original chancre 
was performed earlier than 18 days after its appearance (thirty-first 
day of the disease) the other testis could be infected, whereas if exci- 
sion were carried out 23 days or more after its appearance (forty- 
seventh day of the disease) the result was always negative 

From the foregoing it would appear that in rabbits a first inoculatioa 
made in the testis or scrotum confers upon the same or opposite testis 
or scrotum, protection against a second infection, provided a sufiia- 
ently long penod of time is allowed to elapse between the first and 
second inoculations and provided homologous strains are used through- 
out Under such conditions, as KoUe has pointed out, the percentage 
of successful second infections dimimshes and almost reaches zero if 
the time interval between successive inoculations is increased 
The time at which this refractory state is fully established varies 
according to different observers, possibly due to vanations in strains, 
but the main fact seems now to be well estabhshed I have gathered 
together from the available hterature all the reinoculation expenments 
in untreated rabbits with homologous strains of T palhdum, where the 
intratesticular or subscrotal method has been employed for both first 
and second inoculations, and where the time interval between inocu- 
lations is expressly stated These are summarised in table 1 

As will be seen from table 1, when the second inoculation is carried 
out between 20 and 60 days after the first, the percentage of successful 
remoculations is 78 7, when the second inoculation is performed 
between the sixtieth and the ninetieth day of the disease the percent- 
age falls to 11 4 and when it is carried out more than 90 days after the 
first the percentage is only 5 These figures bear out Kolle s results 
in untreated rabbits with remarkable accuracy 
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The situation is somewhat different if heterologous strains are used 
for reinoculation In that event a much higher percentage of reinfec- 
tions IS obtained, even if the second inoculation is performed late in 
the course of the disease, at a time when the rabbits w ould presumably 
be refractory to a second inoculation with homologous mrus This 
point has recently been emphasized by Kolle (51) although itw’as indi- 
cated previously by the work of Zinsser and his collaborators, of Brow n 
and Pearce (52) , and of Reiter The results of the investigations of all 

TABLE 1 

Retnoculations of untreated syphiltitc rahhits utth hon ologous strains 


DAYS AITEB INOCULATIOS 
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4 
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10 

0 
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Chesney and Kemp 









0 

8 

0 

lOQ 
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0 


Total 

26 

7 

78 7 

21 3 

4 

31 

II 4 

88 6 

3 

58 

5 

95 


• Kolle states that in reinoculations between the sixtieth and the ninetieth day typical 
chancres may be produced occasionally 


these workers, where the details are available, are summarized in 
table 2 

Study of table 2 shows that in more than a third of the untreated 
rabbits remoculated with heterologous strains late m the course of the 
disease, a second infection may take place Recent work by Adachi 
(50) and some as yet unpublished expenments of Chesney and Kemp 
(53) are m accord with this finding 

The experimental observ'ations upon man, monkeys and rabbits, 
therefore, show that it is possible to produce second infections by inocu- 




































484 


ALAN CHESNEY 


lating the host even after the appearance of the initial lesion, provided 
not too long a period of time is permitted to elapse before the second 
inoculation is carried out As time goes on, however, the chances of 
producing a second infection diminish The precise time limits dur- 
ing which it is possible to produce such a second infection vary some- 
what with the different animal species and probably with the 
individual strains The recent work with rabbits would indicate that 
in syphilis the refractory state toward a second infection which does 
develop with time is more marked toward the homologous strain of 
treponemes than toward a heterologous strain It is possible that the 
refractory state appears at an earKer date in man than in monkeys or 

TABLE 2 

Retnoailahons of untreated syphihttc rahhts mth heterologous stratus 


KEINOCDIATIOVS CAltEIED OUT 90 PAVS OR MORE 
KITES. FIRST INOCULATION 


AUTHOR 

Number 

Per cent 

Positive 

Negative 

Positive 

Negative 

Zinsser et al 

3* 

9 1 

25 

75 

Reiter 

4 

5 

44 

56 

KoUe 

23 

28 

45 

55 

Chesney and Kemp 

7 

4 

63 6 

36 4 

Total 

37 

46 

44 5 

55 5 


* One of these clinically positive but dark field negative 


rabbits but this difference may be only apparent and may possibly be 
explained upon the basis of differences in method of inoculation, 
amount of virus in the inoculum, or again upon a less rapid generaliza- 
tion of the virus in the lower animals Not much weight can be given 
to this last-mentioned possibility, however, smce Pearce and Brown 
(54) have demonstrated that in rabbits migration of the treponemes 
from the site of inoculation takes place withm a very short time (48 
hours) after testicular or scrotal inoculation 

3 Late period a Man. Purposeful inoculation experiments upon 
syphilitic individuals who have had their infection for years, whether 
or not they showed tertiaiy lesions, have been comparatively few 
in number since the discovery of Treponema pallidum 
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Finger and Landstemer inoculated a senes of IS patients exhibiting 
tertiary lesions ivith matenal from human sources nch in treponemes 
Inoculations were made by introduang the virus into subepidermal 
pouches Lesions developed m 13 of the subjects at the site of mocu- 
lation These did not resemble chancres but presented the climcal 
appearance of tertiary lesions (cutaneous tubercles, gummata and 
ulcerative syphilides) , and were extremely poor in spirochetes Inocu- 
lations with heat-killed virus were negative Salmon (55) repeated 
these experiments on three Subjects ivhose syphilis was of long dura- 
tion (20 to 32 years), and who were actually exhibiting terbary lesions 
at the time of inoculation Altogether 8 inoculabons were made upon 
the 3 pabents In one of the pabents two small papules developed, 
the others remained free of any lesions Nothmg resemblmg a terbary 
lesion was produced Queyrat and Pmard (56), on the other hand, 
were apparently successful in one mstance in produang a typical 
ulcerabve sjqilulide by inoculating an individual having a terbary 
lesion, with a small piece of a chancre placed in an intradermal pouch 
The ongmal mfecbon occurred 7 years previously in this case and a 
penod of 17 days elapsed between inoculation and the development of 
the lesion No beponemes could be demonstrated in the lesion at 
any time Likewise Vignolo-Lutab (57) succeeded in produang a 
gummatous lesion by moculabng a pabent showing tertiary phenomena 
with a portion of a pnmary lesion, introduang the inoculum after the 
manner of Fmger and Landstemer von Poor (58) inoculated 12 
syphihbc individuals exhibibng outspoken terbary phenomena with 
material taken from their own lesions but in no instance did anything 
develop at the site of inoculation On the other hand Cappclli (29) 
was successful in produang an ulcerative lesion resembhng a gumma in 
a patient whose syphihs was of 18 years duration Krafft-Ebing (59) 
inoculated 9 parebcs with matenal from early lesions but in no instance 
w’as he able to obtain any lesions at the site of inoculabon Siemens 
(60) inoculated 16 paretics and 3 tabebcs a number of bmcs (65 
inoculations altogether) with syphihbc material, always w'lth negatnc 
results, and Steiner (61) and also Sagel (62) were equally unsuccessful 
m a number of similar expenments One successful inoculabon was, 
however, reported by Jahnel (63) according to Steiner According to 
the account given by the latter, the patient w as a parcbc whose blood 
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and spinal fluid had become negative after unusually intensive sal- 
varsan treatment, inoculation of the skin of the arm with syphihtic 
material was followed by the appearance of two small lesions in which 
spirochetes could be demonstrated It is clear that this one positive 
result must be regarded as an exception to the rule 
So far as the foregoing experiments go, they suggest that the late 
syphilitic is refractory to a second infection in the sense that new 
syphihtic virus introduced from without is incapable of producing a 
chancre followed by secondary manifestations The most that they 
show is an altered capacity on the part of the tissues to react to the 
virus We shall return to this interesting subject later 
h Monkeys Metschnikoff and Roux were unable to obtain 
successful reinoculations in apes in the later stages of the disease, and 
Finger and Landsteiner were likewise unsuccessful In the hands of 
the latter the animals were still refractory 10 months after the first 
inoculation As stated above, the incidence of positive reinoculations 
obtained by Neisser in monkeys was extremely low, actually only 3 in 
114 experiments, or 2 6 per cent, when the second inoculation was 
performed after the 80th day of the disease He obtained negative 
results when the interval between first and second inoculations was as 
long as 650 days. His results show clearly that in apes, at least, the 
resistant state, once acquired, persists for almost two years and for 
all we know may persist even longer 

c Rabbits As has been shown in a preceding section, where the 
question was discussed in greater detail, the state of resistance toward 
a second mfection with the homologous strain of treponemes, which 
rabbits acquire as a result of their first infection, is weU established in 
nearly all instances by the 90th day of the disease and has been shown 
to persist for at least 4 years (Frei ) There are exceptions to this 
generalization, of course, but the principle seems to hold true in the 
main This resistant state is definitely more effective against homol- 
ogous strains of treponemes than against heterologous strains, al- 
though to be sure it is effective against even these latter in at least half 
of the cases 

In general it may be stated that the reinoculation experiments upon 
man, monkeys and rabbits carried out in the later stages of the dis- 
ease tend to show that the untreated syphihtic individual ultimately 
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acquires a not inconsiderable resistance to a second infection While 
in certain instances lesions have been produced by inoculating patients 
having tertiary syphilis with syphilitic virus, nevertheless these phe- 
nomena have the characteristics of late lesions rather than chancres, 
and are not followed by the familiar secondary manifestations 

Summary 

It may perhaps be well at this point bnefly to summarize the fore- 
going data before passing on to more theoretical considerations as to 
the nature of immunity in syphilis 

The remoculation expenments that have been earned out upon 
syphilitic human beings, monkeys and rabbits since the discovery of 
the Treponema pallidum all tend to show that the host gradually 
acquires a resistance, more or less complete, toward a second infection 
ivith the same microorganism if the disease is allowed to develop 
untreated The time at which this resistant state is first manifest 
varies to some extent with the particular animal speaes under ini es- 
tigation but m general it may be said that it is already present to a 
high degree before the pnmary lesion has healed It is certainly 
present dunng the period of secondary lesions and during the later 
years of the infection There is no reason to believe that this acquired 
resistance may not persist for the balance of the hfe of the host in 
many instances, although it seems likely that it may be subject to 
fluctuations from time to time, and is not absolute 

There is some evidence to show that not all tissues of the body 
share equally m this resistance and there is good ground for the view' 
that, in rabbits at any rate, it is more effective against homologous 
strains of treponemes than against heterologous strains Above all, 
it IS clear that the time factor is essential in the acqmsition of this 
resistant state 

From what has just been said it must be admitted tliat the data 
derived from the modem expenmental work in syphilis have not over- 
thrown the older conception of the deielopraent of an acquired resist- 
ance, dunng the course of the disease, to a new infection But, as 
we shall see presently, some of this later work has been instrumental 
m throwing light upon such interesting questions as the nature of this 
resistance, its distribution, and particularly its relation to persistence 
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of infection This last question is of paramount importance from the 
standpoint of our theoretical conceptions of immunity in syphilis and 
in addition has an important practical bearing upon treatment and 
cure, as we shall see later 

CO-EXISTENCE OF INFECTION AND IMMUNITY 

As a result of his studies in S3q)hilis in apes Neisser brought forward 
a new conception of immunity in this infection, a conception which has 
dominated this field up to the present time, although recently evidence 
has been forthcoming which perhaps casts some doubt upon the 
validity of Neisser’s generalizations Briefly stated, this investigator 
came to the conclusion that the resistance which a S3q)hilitic animal 
acquires during the course of its disease is dependent upon the persist- 
ence of active foci of syphilitic infection somewhere in its body, and 
disappears if these foci are eliminated If an animal previously in- 
fected with syphilis proved refractory to a second infection that fact 
in Neisser's opinion indicated that the animal still harbored the first 
infection, whereas if it were found to be susceptible to a second infec- 
tion that finding meant that the first infection had been eliminated 
Accordingly Neisser took the ground that the reinoculability or non- 
reinoculability of an animal could be taken as evidence of the success 
or failure of treatment, that is to say cure or no cure To put it a little 
differently, if a treated animal could be successfully reinfected it 
should, according to Neisser, be regarded as having been cured, if it 
was still refractory to a second infection it had not been cured Neis- 
ser was firmly convinced that there is no such thing as true lastmg 
immunity in syphihs, that is to say, an acquired immunity which 
persists in the absence of infection This conception is obviously of 
such fundamental importance from the standpoint of both theory and 
practice that it becomes necessary to subject the data upon which it 
is based to a critical analysis It must be clear to anyone that the 
matter is far from being one of academic interest only 

Neisser’s conception derives its support from two sets of observa- 
tions made by him, first, the determination that untreated syphilitic 
apes which are refractory to a second inoculation can be shown to 
harbor the virus in their internal organs, second, that apes treated with 
vanous antisyphilitic drugs and thought to have been cured, are at 
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once susceptible to a second inoculation, whereas other apes treated 
but thought not to have been cured remain refractory These 
treated and reinoculated apes were regarded as having been cured or 
not, on the basis of the results of moculation of normal animals with 
emulsions of the internal organs of other apes treated m a sirmlar 
fashion It is thus a question of companson of results of remocula- 
tion in one senes of treated animals with the results of organ transfer 
in another senes It should be noted that m no instance did Neisser 
compare both methods in the same animal 
As regards the first point mentioned above, namely, the demonstra- 
tion that untreated apes which are refractory to a second inoculation 
are still syphilitic, the evidence brought by Neisser is quite convinang 
He removed internal organs from 29 syphihtic apes that had previously 
been shown to be resistant to a second inoculation and moculated 
normal ammals with emulsions of these organs By this means he 
succeeded in demonstrating that the internal organs of 22 of these 
animals contained living syphilitic virus In the case of the remaining 
7 whose organs gave negative results it should be stated that many of 
the normal ammals inoculated with this matenal died prematurely 
It is clear from these expenments, therefore, that untreated apes that 
have acquired a resistance to a second syphilitic mfection can be 
shown to harbor the virus in their internal organs in a large proportion 
of the cases (76 per cent m Neisser’s expenments) 

The second point that he makes, namely, that syphihtic apes treated 
and thought to have been cured are, in a high percentage of the cases, 
susceptible to a second inoculation with syphihtic virus, while apes 
treated but not cured are as a rule refractory, rests upon the results of 
a senes of reinoculations upon 198 treated monkeys These animals 
were treated with a vanety of drugs and were then inoculated a second 
time Second infections were produced in 107 instances (54 per cent), 
doubtful results were obtained in 9 (4 5 per cent), and negative results 
m 82 (41 5 per cent) The madence of successful reinoculations m 
these treated animals, 54 per cent, is in striking contrast with that, 
approximately 6 per cent, obtained in a senes of 145 untreated animals 
Neisser assumed that those treated animals which proved to be sus- 
ceptible to a second inoculation had been freed of their mfection by 
treatment since organ transfer from other apes similarly treated 
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gave a large percentage of negative results Likewise, treated animals 
wHch were thought not to have been cured, gave a high percentage of 
negative results on reinoculation Again, these animals were assumed 
not to have been cured because of the large percentage of positive 
results obtained when emulsions of organs from other similarly treated 
animals were moculated into normal animals Actually, taking all 
his published protcols into consideration, it is found that Neisser 
reinoculated 198 treated apes and carried out organ transfers in 109 
other treated animals. In general his protocols disclose a fairly 
close parallelism between positive reinoculation and negative organ 
transfer on the one hand, and negative reinoculation and positive 
organ transfer on the other. Taking all his therapeutic experiments 
into consideration, he obtained 54 per cent positive reinoculations 
and 7l per cent negative organ transfers. The animals in both of 
these groups he regarded as having been cured. 

The crux of this argument, of course, lies in the justification for the 
assumption that the treated animals which later were shown to be 
susceptible to a second inoculation had been cured of their first 
infection by treatment and that those which later proved refractory to 
a second inoculation were not cured. Before granting that the results 
of organ transfer in one series of treated animals may be taken as 
indicative of what treatment had accomplished in another series of 
animals and then going on to draw deductions therefrom, one would 
want to know how many strictly comparable experiments there were 
In other words, how many animals treated with equivalent amounts of 
the same drug at the same time were subjected to the reinoculation test 
on the one hand and how many to the organ transfer test on the other? 
Obviously if different dosages were used m the two groups where differ- 
ent criteria were employed, one would not be in a position to compare 
the results of treatment in these groups and hence one could not say 
with absolute certainty whether or not infection had been ehminated 

When the protocols of Neisser’s experiments are examined from this 
standpoint one is disappointed to find that m many instances the 
reinoculation experiments and organ transfer experiments are not 
strictly comparable since different dosages were employed Indeed, 
although he carried out the reinoculation test upon 198 animals treated 
after infection had been estabhshed, and the organ transfer test upon 
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87 other treated animals I have been able to find only 13 instances 
compnsing observations upon a total of 90 animals, where the tuo 
tests were conducted upon senes of animals treated vuth equivalent 
doses of the same drug Moreover, it is not possible to determine 
from these othennse stnctly comparable evpenments, whether the 
treatment w as begun at corresponding penods m the course of the 


TABLE 3 

Comparison of reinoculations and “organprdfung” tn treated apes {Neisser) 



NB In compiling this table only those ccpcnmcnts were selected which were 
stnctlj comparable as regards dosage 


disease To this point we shall return later for it is of capital im- 
portance as we shall see 

Those expenmen ts of Neisser which are strictly comparable in so far 
as dosage is concerned, I haa e gathered together and placed in a single 
table (table 3) for the sake of companson 

Trom a study of table 3 it is seen that, assuming that a successful 
reinoculation means cure and that a negative organ test means the 
same, there is complete agreement as to the results of treatment 
between the two methods of tesbng in 6 senes, lad of complete 
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agreement in 5 and a question in the remaining 2 in which the results 
of reinoculation were equivocal. In justice to Neisser it should be 
stated that of those experiments in which the conditions were strictly 
comparable as regards dosage the total number of animals showing 
agreement between the two tests was 72, that showing failure of agree- 
ment 14, while the remaining 4 gave equivocal results 
Another and perhaps even more important question in relation to 
the experiments of Neisser which must be taken into consideration 
before accepting the validity of his contention that a successful rein- 
oculation means the absence of the first infection and a failure to 
reinoculate means its presence, is the question of the time at which 
treatment was instituted in his experiments The recent work of 
Kolle (46), Frei (40), Chesney and Kemp (49) and Adachi (64) 
has brought out very clearly the necessity of paying attention to 
this factor The experiments of aU these investigators, performed 
upon rabbits, are in complete accord and have established the 
fact that the time in the course of the disease at which treat- 
ment is begun is of prime importance in determining the character 
of the response of the host to a second inoculation. Thus rabbits 
treated before the forty-fifth day of the disease can be successfully 
infected a second time in almost every instance If treatment is 
begun between the forty-fifth day and the mnetieth day of the disease 
the response of the animals to the second inoculation is variable in 
that some are reinfected and some are not If treatment is postponed 
until after the ninetieth day of the disease the rabbits are almost uni- 
versally refractory to a second inoculation In the hght of this now 
well-established fact it becomes necessary to reexamine Neisser’s 
data obtamed from monkeys and to determine m each instance the 
time at which treatment was begun and the subsequent response of the 
animal to reinoculation Indeed this necessity is suggested by Neis- 
ser’s own work, for, although he does not stress the point, his own 
experiments show that he obtamed a considerably higher percentage 
of successful reinoculations in wiireaUi apes when the second infection 
was introduced before the eightieth day of the disease than when it 
was introduced at a later date If one arranges his remoculation 
experiments in untreated monke 3 ’-s according to the time at which the 
second moculations were carried out, it is seen that the incidence of 
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positive results was 16 6 per cent when an interval of not more than 
80 days v as permitted to elapse between first and second moculations 
When, how'ever, the second inoculation was carried out after the 
eightieth day of the disease only 3 positive results were obtained in 
114 animals, an incidence of 2 6 per cent (table 4) 

It IS apparent that if undoubted second infections to the extent of 
16 6 per cent are obtamed in untreated monkeys when the second 
introduction of the virus is made before the eightieth day of the dis- 
ease, whereas only 2 6 per cent of the animals can be reinfected after 
this period, then one might expect a higher percentage of successful 
reinoculations in monkeys treated early m the course of the disease 
than in those treated later, since it has been shown that in rabbits the 
time at which treatment is begun influences profoundly the response to 


TABLE 4 

Ketnoculaltons m untreated apes {Ifetsser) 


INTERVAL 
BETWEEN riSST 

TOTAL KUUBER 

POSITIVE 

NEGATIVE 

INOCULATION 

Number 

Percent 

[ Number | 

[ Per cent 

da^s 

21-80 

36 

6 

16 6 

■I 


81-650 

lU 

3 

2 6 

■■ 



a second inoculation It is, therefore, necessary to determine the time 
at which treatment was instituted in Neisser’s expenments 
When one examines the protocols of his axpenments in w hich treated 
monkeys were subjected to reinoculation, with reference to the time at 
which treatment was begun, one is disappointed to find that in many 
instances this information is lacking I have been able to collect from 
his tables the records of only 18 animals in winch the time elapsing 
between the first inoculation and the beginning of treatment was ex- 
pressly stated or could be computed, although a total of 198 monkeys 
were treated and subsequently reinoculatcd m his therapeutic 
expenments These I have arranged in tabular form (table 5) 

Study of table 5 shows that, as a whole, the inadence of successful 
reinoculations in the animals treated by Neisser before the eightieth 
day of the disease (where this could be ascertained from the record) 
w as 66 per cent, whereas in those treated after that date it amounted to 
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44 per cent While the number of observations cited is admittedly 
too small to warrant any broad generalizations, especially in view of 
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the total number of animals studied, nevertheless their tendency is 
to indicate that in monkeys the earlier treatment is begun the more apt 
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IS the animal to yield a positive result on reinoculation Therefore it 
Mould seem highly desirable to take into account this factor of the 
amount of time elapsing betu een the ongmal inoculation and the msti- 
tution of treatment, before admitting that Neisser’s results indicate 
that the reinoculation test is a valid cntenon of cure It is greatly 
to be regretted that the published protocols of Neisser fail to give the 
information which is necessary to clear up this question in so far as 
monkeys are concerned, and thus permit one to decide whether the 
cntiasm which is implied in the foregoing analysis is justified 
There is still another question which the recent work on reinfection 
in syphilitic rabbits makes it necessaiy to raise in regard to Neisser’s 
reinfection expenments in monkeys, and that is the question of 
whether Neisser used homologous or heterologous strains for reinocu- 
lation Kolle has demonstrated conclusively that rabbits infected 
wnth one strain and not treated may, in a large proportion of the cases, 
be successfully infected with another strain, even if the second infec- 
tion IS introduced comparatively late in the course of the disease In 
some as yet unpublished expenments Chesney and Kemp have ob- 
tained similar results with heterologous strains in treated as well as 
untreated rabbits It is by no means dear from Neisser’s protocols 
whether he used homologous or heterologous strains in his reinocula- 
tion experiments in treated monkeys 
In the absence of data upon the points which we have raised, namely 
the time at which the animals were treated and the character of the 
strain used for reinoculation, it may perhaps seem wiser to some to 
consider that, in so far as apes are concerned, the contention of Neisser 
to the effect that in syphilis the acquired refractory state is dependent 
upon residual infection and disappears coinadentally w ith the elimina- 
tion of that infection, has not been finally proved 
It would indeed seem rather strange, in view' of what is known con- 
cerning the pnnaples of immunity in general, if the resistance acquired 
as a result of syphilitic infection were sulfiaently great to protect the 
animal against really large doses of a second infection, and yet vanish 
at once after the first infection had been eliminated One would 
scarcely expect that such a profound change in the reacting capaatj 
of the body toward new virus as is exhibited by the syphilitic animal, 
would disappear rapidlv Yet Neisser says that treated monkeys be- 
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come reinoculable immediately (“sofort”) Certainly one would nol 
be justified in predicting such a result in syphilis on the basis oJ 
immune principles that obtain m most other infections 

If one takes the ground that this question of the dependence oJ 
immumty in syphilis upon the persistence of foci of infection has nol 
been defimtely settled by the earlier work upon monkeys, one may 
inquire as to what data bearing upon this point are available from 
studies of the infection in rabbits, and what data are afforded by the 
clinic with its opportunities for the observation of remfections in man 

With regard to the first of these two questions, recent work, as 
stated previously, has clearly demonstrated that the time at which 
treatment is begun in the course of experimental S 3 q)hilis of the rabbit 
has an exceedingly important bearing upon the response of the ammal 
to a second inoculation KoUe was the first to emphasize this point, 
although Brown and Pearce (65) had previously shown that treatment 
18 days after inoculation with subcurative doses of arsphenamme 
or neoarsphenamine renders the rabbit susceptible to a second infec- 
tion introduced 6 days later KoUe demonstrated clearly that if 
syphilitic rabbits were treated with antisyphilitic drugs before the 
forty-fifth day of the disease they were almost uniformly susceptible 
to a second inoculation, whereas if the treatment were begun after the 
ninetieth day they were almost uniformly refractory to a second inocu- 
lation If the treatment were begun at some time between the forty- 
fifth and the ninetieth day, some of the animals were refractory and 
some were not The same results were obtained whether the treat- 
ment was short or prolonged 

Adhering to Neisser’s views regarding immunity in S 3 q)hilis and the 
validity of the reinoculation test as a criterion of cure, KoUe interpreted 
his own results as indicating that abortive cure of syphilis in the rab- 
bit is possible with certamty only -when treatment is begun compara- 
tively early in the course of the disease, that is to say before the forty- 
fifth day, and impossible if it be postponed until after the ninetieth 
day. Frei obtained analogous results but was careful not to draw the 
conclusion that failure to remoculate an animal meant failure to cure. 
He emphasized the importance of carrymg out control observations 
with organs of treated animals but was unable to do so Chesney 
and Kemp (48, 49} went a step further They confirmed the obser- 
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vations of Kolle and of Frei to the effect that early treatment -with 
arsphenamme leaves the animal susceptible to a second inoculation, 
whereas thelate-treated ammals remain refractory, but they showed in 
addition that the lymph nodes of these same ammals were (through 
treatment) rendered mcapable of transmitting the disease to normal 
rabbits, irrespective of the time at which treatment w as begun In 
other words, even if treatment were postponed until sue months after 
moculation, it was nevertheless apparently effective in stenhzing the 
lymph nodes and yet the same ammals were subsequently shown to 
be refractory to a second moculation These observations suggested 
the possibility that in rabbits, at least, there may be such a thing as an 
acqmred unmumty resulting from syphilitic mfection which persists 
m the absence of demonstrable mfection, a view to which Adachi (64) 
subsenbes 

Here again, the question of whether or not the treatment, when 
given late in the course of the disease, was effective m eliminating 
entirely the mfection from the rabbit’s body, constitutes the crux of 
the matter Is lymph node stenhty following treatment a certain 
index of cure’ This is admittedly an exceedingly difihcult question 
upon which to pronounce a definite opimon * In a further senes of 
experiments m which emulsions of lymph nodes and internal organs 
from untreated and late-treated rabbits were moculated into normal 
animals, Chesney and Kemp (66) obtained evidence which suggested 
that the same treatment was effective in rendermg those organs tested 
(heart, hver, spleen, bone-marrow, and bram), as well as the lymph 
nodes, non-mfectious in a large majonty of the animals In all their 
experiments care was taken to mamtam stnctly comparable relations 
as regards dosage of drug and time of administration The results of 
tlieir experiments as to the efficacy of arsphenamme and its modifica- 
tions in sterilizing lymph nodes were in stnet accord with those ob- 
tained previously by Nichols and Walker (67) and also by Voegtlm, 
Armstrong and Dyer (68) 

Chesney and Kemp (69) have obtained additional evidence which 
casts doubt upon the vahdity of the reinoculation method as a enter- 

* A recent communication by W'orms (160) shows how careful one must be m drawing 
conclusions as to cure, from the transfer of hanph nodes from treated animals to normal 
animals 
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ion of cure They found that while rabbits, which were originally 
inoculated in the testis and treated late in the course of the disease, 
were almost uniformly refractory to a second intratesticular inocula- 
tion, other syphilitic rabbits similarly treated and reinoculated by a 
different method (deposition of virus upon a granulating wound on the 
back) were in 50 per cent of the cases susceptible to a second infection. 
In other words, the mode of reinoculation in treated ammals as well as 
the time at which treatment was begun was found to play an important 
r6le in detennining the response of the animal to a second inoculation. 
If markedly divergent results from reinoculation are obtained in 
otherwise comparable groups, depending upon the particular method 
selected for reinoculation, it is at once apparent that no conclusion 
can be drawn, as to the presence or absence of the first infection, from 
the response of an animal to reinoculation 
It would appear from the recent work with rabbits therefore, that 
the validity of the reinoculation test as a criterion of cure of syphihs 
in the rabbit has definitely been brought into question, a statement 
that IS supported by a recent communication from Voegtlm's labora- 
tory (70) It necessarily follows that the contention of Neisser as to 
the inter-dependence of syphilitic immunity and active syphilitic infec- 
tion is hkeivise brought into question It may not be amiss to point 
out that as long ago as 1865 Rollet (11) took the stand that immunity 
to syphihs does not necessarily imply the existence of syphilitic 
infection, and many years later Finger (7l) expressed the same idea. 
Indeed Neisser’s contention has not been without its critics (72, 73) 
even in recent years, although in general his idea has been almost 
universally accepted by syphilologists and immunologists as well 
As suggested previously it may be of interest to ascertain what ch'ni- 
cal observation has to contribute to the question That second 
attacks of syphilis do occur has long been known, but the number of 
such cases has been extremely small This relative infrequency of 
second attacks of syphilis was thought by Neisser to be due, not to a 
true immunity surviving after the infection had been eliminated, 
but to two other factors first, that the number of uncured cases of 
syphilis is greater than was formerly realized, a contention which the 
data supplied by the Wassermann reaction would seem to uphold, 
secondly, that there is less exposure to infection with advancing years 
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of life by reason of changing soaal relationships, espeaally that of 
mamage Whether these two factors together ivould be suffiaent to 
account for the great infrequency of second attacks of syphilis is, 
and probably always will be, a matter of speculation But it is also 
possible that this infrequency may in part be explained upon the basis 
of an acquired immunity persisting throughout life, even after total 
eradication of the infection by suitable treatment Clinical expen- 
ence in respect of reinfections is certainly not m conflict with this 
conception 

There seems to be general agreement that the number of undoubted 
instances of reinfection is greater non than before the introduction 
of salvarsan This fact has been urged by some as an index of the 
greater efficacy of this drug over older forms of treatment, and has 
also been utilized by those i\ho adhere to Neisser’s vieiv of the inter- 
relationship between persistent infection and immunity Briefly 
their argument is as follows More cases of reinfection are seen now 
than formerly because more patients are cured and hence become 
susceptible again to syphilis It must be obvious that this argument 
does not dispose of the conception of acquired immunity to syphilis 
persisting in the absence of infection, since it is conceivable that in 
many cases treatment with salvarsan might be, and doubtless is, 
postponed until a considerable time interval has elapsed after infection, 
dunng which interval a considerable degree of resistance may have 
been acquired by the host, and yet the latter might nevertheless have 
been cured In other words, in man, as in the rabbit, the time at 
which the first infection comes under treatment may be the all-import- 
ant factor in determining the response to a second infection, and ipso 
Jaclo the number of cases of reinfection which will be encountered in 
the clinic In view of this possibilitj it becomes important to ascer- 
tain the time at which treatment was first begun in the cases of rein- 
fection that are recorded in the literature If one could assemble a 
large number of cases of undoubted reinfection in which the patient 
had not received treatment for his first infection until a comparativeK 
late date in the course of his disease, say the latent penod follow ing the 
healmg of the secondary lesions or the tertiarj’ period, one would have 
to admit that the case for the existence of syphihtic immunity in man 
m the absence of sypluhtic infection would be grcatlv weakened if 
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not altogether demolished. Actually, however, no such array of 
cases has as yet been assembled 

By far the overwhelming majority of cases of undoubted reinfection 
that have been reported thus far have occurred in patients in whom 
treatment was begun early in the course of the disease The un- 
doubted instances in which a patient was treated for the first time 
late in the course of his infection and subsequently contracted sypb'lis a 
second tune are exceedingly few in number, although by now the liter- 
ature contains many examples of undoubted reinfections, Benario (74) 
in 1914 was able to gather together from the literature of 1910-1914, 
96 cases of undoubted syphilitic reinfection These cases were rigidly 
selected All of these patients had been treated with salvarsan 
alone or in combination with mercury. Patients treated with mer- 
cury alone were not included in his report In all but one of these 
the treatment for the first infection was begun during the early stages 
of the disease In the one exception the first infection dated back 23 
years prior to treatment with salvarsan At the time this particular 
patient received his first dose of salvarsan there were no physical signs 
of syphilis but the Wassermann reaction was positive One may ob- 
ject to this evidence upon the ground that at the time Benario col- 
lected his cases there had not yet been opportunity for a sufficiently 
large number of patients with late syphilis to have been treated with 
salvarsan and become reinfected, and that the number of early cases 
treated up to that time was far in excess of the number of late cases 
treated There are, of coxuse, no data on this point, but a survey of 
the cases of reinfection reported in the literature since 1914 indicates 
essentially the same situation disclosed by Benano. Dr H Wasser- 
man has, at my suggestion, undertaken from this standpoint a survey 
of the cases of remfection reported in the hterature since the appear- 
ance of Benano’s communication and also the reinfections encountered 
in the syphihs chnic of the Johns Hopkins Hospital While that sur- 
vey is not as yet complete, it has progressed sufficiently far to show 
that practically all the cases of undoubted reinfection have occurred 
in individuals who received treatment for their first infection early in 
the course of their disease 

Climcal experience in respect of syphilitic reinfection in man, there- 
fore, does not controvert the idea that in this infection an immumty 
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may develop m time which wiU persist after the mfection has been 
abohshed It is obvious, however, that the same expenence may be 
mterpreted as mdicating that cure of syphilis in human bemgs is pos- 
sible only when treatment is begun early m the course of the disease 
and not at a later date At present it is not possible to say, from the 
data available from human sources, which interpretation is the cor- 
rect one 

The question of the development m human bemgs of a true immun- 
ity to syphihs has recently been discussed by Kolle (51) from a new 
angle Upon what might perhaps be called epidemiological grounds 
he seems to have come to the conclusion that human beings do acquire 
a true immunity dunng the course of an attack of syphihs His con- 
clusion IS based upon the following argument According to him, 
sterilization of the syphditic mdividual by means of antisyphihtic 
agents, espeaally salvarsan m combmation with mercury, is possible 
m a large proportion of the cases when treatment is begun early If 
immumty of human bemgs to syphihs is dependent only upon latent 
mfection, then many cases of reinfection ought to be encountered since 
modem treatment of the early syphihtic often leads to complete cure, 
accordmg to Kolle Granted that in Germany, dunng the course of a 
year, only 10 to 20 per cent of persons wnth early syphilis receive abor- 
tive treatment and hence are cured, then in the course of time one 
should see m that country many thousands of cases of reinfection 
occumng m cured individuals who cannot, because of cure, be con- 
sidered as having a latent infection and an immumty dependent there- 
on Actually, how ever, one does not see any great number of such 
cases of remfection They are in reality \ery scarce Kolle, there- 
fore, concludes that this scaraty is dependent upon an acqiured im- 
mumty which develops in the syphilitic dunng the course of his infec- 
tion and persists after a mode of treatment w hich he thinks eflectuallj 
ehminates the disease 

It IS obvious that the validity of Kolle’s conclusion rests upon the 
truth of two premises, one of which is expressed, the other implied, 
first, that early treatment of syphilitic human beings w ith the modem 
means of attack does result in biologic cure in a large proportion of 
cases, second, that those indmduals who have been infected and are 
promptly and adequately treated continue to be exposed to infection 
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after treatment has ceased, and indeed that e^osure occurs about as 
frequently as before infection Most syphilologists will probably 
assent to the first of these two propositions, namely that syphihs 
in the human being can be cured with early and systematic modern 
treatment As regards the truth of the second proposition, that indi- 
viduals who have once contracted syphihs and been treated for it 
continue to be exposed to the same infection to something like the 
extent obtaining prior to their having contracted the disease, that 
question must necessarily be a matter of conjecture smce we are not 
likely ever to have any accurate data upon it Nevertheless, Kolle’s 
argument imphes that such continued exposure does actually take 
place in Germany, and there is every reason to believe that the same 
state of affairs obtains for that portion of the American population in 
which syphilis is most prevalent Certainly Kolle's argument is 
unique, suggestive and rather convincing 
KoUe concludes from the same train of reasoning that the immunity 
which the human being acquires as a result of his infection is effective 
against heterologous strains as well as the homologous strain, and he 
regards it as of a higher or different order than that which rabbits 
acquire and which for the most part is effective against homologous 
strains only Before placing relative values upon the resistance which 
develops in man and that which develops in the lower animals m the 
course of syphilitic infection, it may be well to recall that doses of 
virus are used m performing reinoculation experiments upon the latter 
which may exceed any that human beings are apt to encounter, fur- 
thermore, the mode of inoculation is qmte different, and m the expen- 
mental infection certainly favors the invadmg microorganism rather 
than the host In short, apparent differences in degree of acquired 
immunity to syphilis as seen m man on the one hand, and in the mon- 
key and the rabbit on the other, may possibly be resolved upon the 
basis of the size of the inoculum of the second infection, or the mode 
of its introduction Further studies on the quantitative relationships 
of this problem are highly desirable 

It may be of interest at this point to call attention, in passing, to a 
recent communication by Prigge (75) from Kolle’s laboratory, in 
which support is advanced for the view that the immunity which mice, 
that have recovered from relapsmg fever, exhibit toward a second m- 
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fection, IS a true immunity, and is not dependent upon residual foci 
of infection m the brains of these animals, a view that had been pro- 
posed by Buschke and Kroo (76) 

Summary The conception that acquired immunity m syphilis 
IS dependent upon foci of syphilitic infection somewhere m the body 
was first advanced by Neisser upon the basis of expenments on mon- 
keys Analysis of his expenments in the light of recent contnbutions 
to this subject has raised the question as to whether or not his con- 
ception IS justified More recent work based upon expenments on 
rabbits would seem at present to controvert this view and to indicate 
that in syphilitic infection there may develop an immunity which is 
not dependent upon the persistence of foci of infection Chmcal 
expenence in respect of reinfections in man is entirely m harmony 
with such a conception The whole question is in intimate relation 
with that of the curability of syphilis, a problem w hich is most difficult 
of solution when the term cure is used in the biological sense Perhaps 
It may be well for the present to take the ground that this particular 
phase of the problem of immunity in syphilis is still an open question, 
but it must be admitted that evidence is now being accumulated which 
would indicate that during the course of syphilitic infection the host 
acqmres a resistance against a second infection with the same speaes 
of microorganism, a resistance which may persist after the first infec- 
tion has been ehminated by treatment, or at any rate reduced to the 
level where it cannot be detected If the truth of this proposition be- 
comes firmly established, it will follow that reinoculation tests in ani- 
mals or the occurrence of reinfections in man have no beanng upon the 
question of persistence or absence of infection, that is to say of cure 
or failure of cure, but are useful only as indicators of specific resistance 
Logically speaking, m any case all that one can justifiably conclude 
from failure to reinfect an animal with syphilis is, that the animal is 
resistant to that infection 

Criteria of reinfection 

In almost all of the expenments dealing with sj^ihilitic reinfection 
in animals the entenon of a successful reinoculation has been the 
production of a syphiloma at the site of reinoculation accompanied by 
the demonstration of treponemes in the lesion This is, of course. 
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the safest criterion In dealing with reinfections in man it has gener- 
ally been considered necessary to go a step further and demand that 
the lesion produced at the portal of entry be followed by evidences of 
systemic infection No one can object to the utilization of the most 
rigid criteria when dealing with possible reinfections m man How- 
ever, since the tendency of syphilis to pursue a vanable course, even 
during its early phases, is well known, and since syphihtic infections 
are known to occur in man without any lesion at the portal of entry and 
such infections can be produced in certain of the lower ammals, it 
IS theoretically possible that reinfections might pursue a similar course, 
nay more, there might be an even greater tendency for remfections to 
manifest themselves in such a manner Neisser himself admitted 
this possibility but stated that he had never observed an example of it 
Brown and Pearce (77) called attention to this matter several years 
ago and pointed out that the development of a chancre m a remocu- 
lated ammal “is of more value as an index of the ability to produce a 
mamfestation of disease than of infection, and that infection can not 
be excluded upon this basis ” They went on to say “It would 
appear, therefore, that before the results of super-inoculation expen- 
ments can be made clear, the subject must be approached from a 
broader point of view and that evidence must be adduced which will 
enable one to see beyond the reaction at the site of inoculation ” 

This problem lends itself to study better in treated than in imtreated 
animals Chesney and Kemp (69) have assembled evidence which 
mdicates that it is possible to reinfect a treated rabbit without pro- 
ducing any lesion whatsoever at the site of reinoculation Neverthe- 
less, m the hands of these mvestigators such ammals give evidence of 
systemic invasion bj’’ the treponemes as evidenced by lymph node 
transfer, and m a large proportion of the cases a positive Wassermann 
reaction appears in the blood It would seem from their work that at 
least two factors may be involved in bringing about such an altered 
response to a second inoculation, these are (1) the time at which treat- 
ment is beg un , and (2) the manner in which the second inoculation is 
made It is not inconceivable that the richness of the inoculum in 
treponemes or the virulence of the orgamsms may also constitute 
factors in producing such a response but as yet there are no data upon 
these points Voegtlm and Dyer (70) have also obtained results in 
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syphilitic rabbits treated ivith arsphenamme or sulpharsphenamme 
and then reinoculated with the same strain of treponemes, which lend 
support to the view that reinfections may occur w'lthout local lesions 
More recently Kolle (78) has raised the same question and has indi- 
cated that he possesses evidence, which as yet has not been published, 
to the effect that second infections can be produced without the 
appearance of any local lesion at the portal of entry 

On the basis of their observations Chesney and Kemp have suggested 
that some of the relapsing Wassermann reactions occumng in patients 
with early s}q)hilis who have been well treated may represent not a 
relapse of their first infection, as is generally held, but a true reinfec- 
tion in which no lesion occurs at the portal of entry but in which sys- 
temic distribution of the virus takes place and is accompamed by the 
reappearance of a positive Wassermann reaction In other words, a 
second infection may have taken place in such individuals and have 
undergone an unusual course by reason of the fact that it w as mtro- 
duced into a patient still under the influence of an immunologic change 
brought about by the first infection Such individuals, if they exist, 
might be regarded as partially refractory to a second infection It 
must be admitted that at present in climcal practice w e have no means 
of differentiating such patients from those in whom the subsequent 
re-appearance of a positive Wassermann reaction represents a true 
serological relapse but the future may supply us with the means For 
the present, however, in dealing with human beings, it would seem 
best to confine ourselves to the older and safer entena of reinfection 
and demand a characteristic pnmary lesion followed by the evolution 
of secondary manifestations In the expenmental ammal, howev er, it 
IS probably not necessary to demand visible macroscopic lesions at the 
site of reinoculation before concluding that the ammal has been 
reinfected, for in the case of the latter there are available metliods, 
not applicable to the patient, of determining that infection and dis- 
semination of treponemes has occurred 

ACTIVE ruirONITV ARTIFICIALLY ACQUIRED 

Active immumzation as a therapeutic measure in syphilis was 
attempted in France as early as the first half of the last century 
Doubtless the success attending small-pox vaccination was largely 
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xesponsible for the attempt Auzias-Turenne (79) conceived the idea 
of performmg successive auto-inoculations upon patients with chancres 
in order to prevent the occurrence of secondary lesions and to this 
procedure he gave the name of “syphihzation ” He thought he was 
successful in preventing constitutional syphilis in this way but it is 
•clear that he must have been working with material in which pyogemc 
organisms were present and his results failed of confirmation by others 
Nevertheless, a rather widespread and bitter controversy arose in 
France over the merits of the method but it quickly fell into disrepute 
and is of historical interest only at the present time 

The recognition of the causal agent of syphilis and the transmission 
of the infection to animals gave further impetus to the attempts to 
immunize against the infection but, although a considerable number of 
experiments have been performed, the results have thus far been dis- 
• appointing In presenting this phase of the subject we shall find it 
profitable to approach it from the standpoint of the nature of the 
material used for immunization 

Filtrates and extracts De Luca and Casagrandi (80) injected 6 
human volunteers intramuscularly with filtrates of primary lesions 
Two of these individuals later contracted syphihs after exposure to 
infected persons, although the remaining 4, in spite of opportunity for 
infection, remained free of symptoms while imder observation Un- 
fortunately, the period of observation was relatively short (2 months) 
The extracts had no therapeutic efl[ect on patients with secondary 
lesions Metschnikofi and Roux (81) injected a chimpanzee with the 
filtrate from several human syphilitic lesions diluted with the aqueous 
humor of a sheep but were unable to obtain any evidence of immunity 
in the animal since a subsequent inoculation with non-filtered virus 
produced disease Neisser extracted chancres, condylomata and the 
organs of S3q)hihtic fetuses with normal salt solution containing 0 5 
per cent phenol and. attempted to immunize apes with such extracts 
but obtained no evidence of immunity whatsoever Even when the 
test virus was inoculated at the same spot where the immunizing 
extract had been injected, a lesion made its appearance, indicating the 
powerlessness of such extracts to confer even a local immunity Fur- 
thermore, injections of these extracts earned out during the incuba- 
tion period failed to prevent the development of syphihtic lesions 
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'Truffi (82) injected rabbits Mith e\tracts prepared from dned pul- 
verized livers of syphilitic fetuses in an attempt to immunize these 
ammals against syphilitic infection but was unsuccessful It is pos- 
sible to say, therefore, that various mampulations of syphilitic tissue 
containmg treponemes have not thus far yielded substances with any 
appreaable antigemc power so far as preventing or modifying the 
course of syphilis is concerned 

Killed virus MetschmkofI and Roux (81) inoculated a chimpanzee 
with virus from human sources killed by heating to 51°C for an hour 
A subsequent inoculation of the same animal with active virus resulted 
in the development of a characteristic syphilitic lesion, indicating that 
hcat-killed virus has no immunizing power in this speaes of animal 
Finger and Landsteiner attempted to immumze 3 monkeys with 
subcutaneous injections of heat-killed virus but were unsuccessful in 
each instance Equally fruitless were the attempts of Uhlcnhuth 
and Mulzer to protect rabbits against syphilitic infection by the sub- 
cutaneous and intravenous injection of syphilitic xnrus killed by 
phenol or antiformin They found also that a vaccine prepared from 
the testis of a syphilitic rabbit by drying the finely divided tissue on a 
glass plate and then suspending it in salt solution was equally ineffec- 
tive in protecting rabbits against a subsequent inoculation with living 
syphilitic virus Such vaccines when admimstered to rabbits already 
inoculated with syphilitic virus failed to exert any effect upon the 
course of the disease 

Living virus Of interest are the attempts of Spitzer to prevent the 
development of generalized lesions of sypbihs in man by active im- 
munization with living virus from patients presenting primary lesions 
This procedure was undertaken at the suggestion of Kraus who 
thought that he saw a resemblance between rabies and syphihs in that 
in both diseases, as he supposed, a comparatively long interval elapsed 
between infection and generalization of the virus Accordingly Kraus 
concluded that immunization of human beings with syphilis as soon as 
the diagnosis could be made and before the outbreak of secondary 
lesions, utilizing livmg varus, might prevent the occurrence of con- 
stitutional symptoms just as immunization of human beings with 
rabies during the incubation penod often prevents the development 
of symptoms of that disease The hypothesis was put to the test by 
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Spitzer (83) who treated a series of syphilitic patients with injections 
of emulsions of human chancres, using 2 cc of 1*200 dilution and 
increasmg the concentration to 1.40 From 11 to 20 injections were 
given and in a series of 20 patients Spitzer claimed that secondary 
lesions failed to appear in 7 instances (35 per cent), although the pa- 
tients were under supervision for a penod of many months, the maxi- 
mum period of observation being 2 years One of the patients was 
thought later to have contracted a second attack of syphilis, a signifi- 
cant observation if true The method was tried by Brandweiner (84) 
and also by Kreibich (85), both of whom reported unfavorable results 
As Neisser has pointed out, in cnticising this form of treatment upon 
theoretical grounds, generalization of the infection has already taken 
place by the time the chancre has made its appearance and the tre- 
ponemes are bemg distributed all over the body by the circulation 
Under these circumstances it seems unlikely that the subcutaneous 
injection of additional syphilitic virus in comparatively small amounts 
would hasten the development of the immune reaction of the host 
or accentuate it Similar treatment of apes by Neisser, as we shall 
see presently, proved to be wholly ineffective, and this fact alone would 
make one extremely skeptical of the value of the procedure in man 
Still, as Zinsser says, it is the only ray of light in what is otherwise a 
rather dark situation, but perhaps it is not a very bright ray 
Metschnikoff and Roux (86) sought to attenuate the virus of syphilis 
by passage through lower apes with the intention of utilizing such 
virus for immunization purposes Indeed they came to the conclu- 
sion that they had been able to secure attenuation to such an extent 
that the virus was capable of producing in rhesus monkeys a compara- 
tively insigmficant lesion at the portal of entry which was not followed 
by any evidence of generalization of the infection Nevertheless, 
the monkeys were refractory to a second inoculation They thought, 
by an experiment upon a human volunteer, that they had secured 
attenuation of the virus for the human being as well Neisser criti- 
cized their experiments rather vigorously in the light of his ovm work 
and suggested that Metschnikoff and Roux had not appreciated the 
fact that in the monkey, mfection and generalization of the disease 
could occur although the lesion at the site of inoculation might be 
small or even non-existent Neisser himself was imable to obtain the 



IMMUNIT’i IN SYPHILIS 


S09 


slightest e\adence of attenuation of syphilitic virus, either by pass- 
ing It through monkeys or by treating it with chemical agents v hich 
themselves n ere not treponemiadal ‘ 

Finger and Landstemer inoculated 2 monkeys inth Imng virus, 
mtroduang the material deep into the muscles and then cauterizing 
the needle tract No syphilitic lesion developed along the tract in 
either ammal Subsequent inoculation with hvmg virus by scarifica- 
tion of the skin gave a positive result m one of the animals and a nega- 
tive result m the other Three monkeys moculated intrapentoneally 
by them before or at the time of a cutaneous inoculation proved refrac- 
tory to the latter Neisser in a large senes of evpenments on monkej s 
found that the subcutaneous or intravenous injection of Imng virus 
at the time of the first (butaneous) inoculation failed absolutely to 
prevent the development of a pnmary lesion at the site of the latter, 
furthermore, the same methods employed after the pnmary lesion had 
developed failed to prevent dissemination of the virus throughout the 
body 

In the hands of Uhlenhuth and Mulzer intravenous inoculation of 
living syphihtic virus failed to protect rabbits against intratesticular 
inoculations carried out 18 and 35 days later Subcutaneous mjcc- 
tion of living ^^rus also failed to protect against intratesticular inocu- 
lation 50 days later 

Cultures It uas natural that the successful cultivation of Tre- 
ponema palhdnm from human lesions should be followed by attempts 
to immunize ammals with these cultures and to approach the study of 
immumty in syphilis by their aid However, in spite of the large 
amount of time and effort expended, the results have in the mam 
been disappointing Nakano (89) gave 3 patients with early syphihs 
subcutaneous injections of killed cultures of treponemes but was 
unable to observe any influence upon the course of the disease in these 
patients In his hands rabbits injected intravenously w ith cultures of 
treponemes exhibited agglutinins in their serum, the maximum titer 
readied being 1 60, nexertheless some of the immunized ammals 

' * The occurrence of s>*philis in Inboratorj ivorkcrs, brought about b> acatjcntal in 

fcction mth \irus that hid been earned through man> generations of animals does not 
support llie \iew that attenuation of s>*phihtic \irus for man is accomplished b> passage 
through other ammal speacs (S7, 8S) 
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proved later to be susceptible to intratesticular inoculation with virus, 
from rabbit testes in spite of the presence of agglutinins for treponemes 
in their blood Zinsser, Hopkms and McBurney (90) succeeding in 
produang agglutinating sera of high titer (1 2000 to 1*4000) by intra- 
venous immunization of rabbits with cultures of treponemes but, like 
Nakano, found that their animals were still susceptible to intratesticu- 
lar inoculation with virulent syphihtic virus They found also that 
intratesticular inoculation of rabbits with living cultures of treponemes 
failed to protect the animals against subsequent (intratesticular) 
inoculation of virulent treponemes obtained from syphilitic rabbit 
lesions, 

Grouven (91) treated 2 syphilitic rabbits with Sowade’s mixed cul- 
tures of treponemes and thought he observed a favorable effect upon 
the S3q)hilitic lesions of both animals as evidenced by rapid healing 
He likened the effect to the focal reaction observed at times after the 
injection of tuberculin In spite of this apparently favorable result 
one of the animals subsequently exhibited recurrent lesions and it 
seems doubtful if the treatment had any real effect upon the course of 
the infection. In the hands of Schereschewsky (92) the injection of 
killed cultures of treponemes treated with antiformm appeared to 
protect 2 rhesus monkeys against a subsequent inoculation with viru- 
lent syphilitic virus from human sources but the injection of a culture 
containing living treponemes failed to protect a third monkey against 
the same virus It should be noted that in these experiments the 
animals were observed for only six weeks after inoculation, a rather 
short time in eiqieriments of this sort Noguchi (93) thought that 
repeated intratesticular injections of rabbits with cultures of trepo- 
nemes or killed virus from lesions reduced their susceptibility to syphi- 
litic infection “to some extent,” but since at least half of the ammais 
thus treated were successfully inoculated later with virulent syphihtic 
virus the degree of resistance established by this method of immuniza- 
tion cannot be regarded as of a high order. 

Sagel (62) has recently reported upon a senes of 10 paretics treated 
with subcutaneous and intracutaneous injections of living treponemes^ 
(cultures or rabbit virus), also by scarification with the virus His 
idea was that perhaps by bringmg living syphilitic virus in contact 
with the skin a greater immune response to the mfection might be 
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elicited and a favorable effect exerted upon the course of the disease 
process in the brain The patients selected for this method of treat- 
ment had not shown any improvement following the production of 
artificial relapsing fever and they were regarded as havmg a hopeless 
prognosis Of the 10 patients, 7 showed clinical and serological 
improvement, 1 showed serological improvement only and the remain- 
ing 2 showed no improvement It is obvious that these patients have 
not been followed for a sufficiently long period of time to determine the 
final outcome and no 3 udgment as to the method can be formed as yet 
In none of the patients were syphilitic lesions produced at the site of 
moculation and the method would certainly appear to be harmless 
Summary From the foregoing it is clear that there is general 
agreement among all the workers who have attempted to produce ac- 
tive immunity to sjrphihs m man, monkeys or rabbits The almost 
umversal experience has been that of failure, no matter what kind of 
matenal has been employed as antigen Extracts of tissue containing 
treponemes, killed virus, living virus, cultures of treponemes, all as a 
rule have proved incapable of rendering the ammal immune to a subse- 
quent inoculation with virulent organisms The expenments of 
Schereschewsky and of Noguchi are too few m number to invalidate 
this statement In the few instances m which apparently successful 
results have been reported after the use of living “attenuated” xirus it 
is by no means certain that the investigators had excluded the possi- 
bihty that a general infection had been established and that the appar- 
ent immunity which they observed was the result of actual infection 
which had been overlooked Nor has it proved possible to alter the 
course of an existing syphilitic infection by immunization with any 
product derived from cultures of treponemes or from syphihtic tissue 
While it IS true that Spitzer claimed to ha\ e modified the course of 
syphilis in human beings by active immunization dunng the early 
penod of the disease with living virus from human sources, and favor- 
able results have been reported by one observer who treated a small 
series of paretics with living s>'philitic virus, the observ ations of these 
workers have not been confirmed and the method has not as j et found 
•any recognized position in the treatment of syphilis 
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elicited and a favorable effect exerted upon the course of the disease 
process in the brain The patients selected for this method of treat- 
ment had not shown any improvement following the production of 
artificial relapsing fever and they were regarded as havmg a hopeless 
prognosis Of the 10 patients, 7 showed climcal and serological 
improvement, 1 showed serological improvement only and the remain- 
ing 2 showed no improvement It is obvious that these patients have 
not been followed for a sufficiently long period of time to determme the 
final outcome and no judgment as to the method can be formed as yet 
In none of the patients were syphilitic lesions produced at the site of 
inoculation and the method would certainly appear to be harmless 
Summary From the foregoing it is clear that there is general 
agreement among all the workers who have attempted to produce ac- 
tive immumty to syphilis m man, monkeys or rabbits The almost 
universal experience has been that of failure, no matter what kind of 
material has been employed as antigen Extracts of tissue containmg 
treponemes, killed virus, living virus, cultures of treponemes, all as a 
rule have proved incapable of rendering the animal immune to a subse- 
quent inoculation with virulent organisms The experiments of 
Schereschewsky and of Noguchi are too few m number to invalidate 
this statement In the few instances m which apparently successful 
results have been reported after the use of Imng “attenuated” virus it 
Is by no means certain that the investigators had excluded the possi- 
bihty that a general infection had been established and that the appar- 
ent immunity which they observed was the result of actual infection 
which had been overlooked Nor has it proved possible to alter the 
course of an existing syphilitic infection by immunization with any 
product denved from cultures of treponemes or from syphihtic tissue 
While it IS true that Spitzer claimed to have modified the course of 
syphilis m human beings by active immunization dunng the earlj 
period of the disease with living virus from human sources, and fax or- 
able results have been reported by one observer xvho treated a small 
series of paretics with living syphilitic xurus, the observations of these 
workers have not been confirmed and the method has not as yet found 
■any recognized position in the treatment of sjphilis 
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PASSIVE IMMUNIZATION 

If the manifold attempts actively to immunize man and animals 
against syphilis by the introduction of virus or virus-products have 
thus far been destitute of any significant results, it might be expected 
that the serum of such animals would fail to exert any protective or 
curative action in the natural or experimental disease Unhappily 
the facts bear out that expectation Attempts to bring about pas- 
sive immunization against syphilis were made long before the causal 
agent of the disease had been discovered or the infection had been 
transmitted to lower ammals A curative serum was sought in human 
beings that had had the disease as well as in animals inoculated with 
S 3 ^hilitic tissue The earlier work has been summarized by Neisser 
(94) and it is unnecessary to discuss it here m any detail Some of 
the procedures attempted in the past appear now as very bizarre 
In spite of the extravagant claims of some workers the ultimate 
results of all this work were valueless With the successful transmis- 
sion of syphilis to lower animals interest was renewed m the subject 
since the production of an expenmental infection gave an opportunity 
for more accurate evaluation of any serum that might be produced 

Finger and Landsteiner treated 2 patients presenting chancres, 
with serum from syphihtic apes, having first excised the chancre in 
one case and both chancre and inguinal nodes in the other In spite 
of this treatment secondary manifestations developed in these patients 
in the usual manner Neisser carried out a large series of experiments 
which had for their purpose the demonstration of the possibility of 
passive immunization against syphihs It may be said at once that 
they aU 3 delded negative results He inoculated horses, cattle, sheep, 
and monkeys with both livmg and killed virus from both human and 
animal sources and then tested the serum of these ammals as regards 
(1) its treponemicidal power tfi vitro, (2) its protective power in vivo 
in apes when injected locally at the site of inoculation and when ad- 
ministered subcutaneously or intravenously, and (3) its curative 
power m apes when given intravenously or subcutaneously after infec- 
tion had been estabhshed In no instance was there any evidence that 
the serum exerted any effect upon the course of the disease or modi- 
fied the virus in vitro. 
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The results in rabbits have been equally fruitless TrufH (82) 
attempted to protect rabbits against syphilitic infection by treating 
them -with serum from other rabbits that had proved to be immune to 
a second infection ivith syphiUtic virus In spite of treatment pnor 
to inoculation the test animals proved to be as susceptible as normal 
animals to virus introduced into the subscrotal tissue Uhlenhuth 
and Mulzer found that the serum of rabbits that had received several 
mjections of bving syphilitic virus was totally incapable of modifying 
the course of s)iplulis in other rabbits either when given at the time of 
inoculation or after the appearance of clinical mamfestations of mfec- 
tion Moreover, such serum was mcapable of agglutinating trepo- 
nemes or of forming a preapitate when brought mto contact with an 
emulsion of these orgamsms Nakano (89) injected rabbits intra- 
venously with cultures of treponemes and found that the serum of 
these animals, although it possessed some agglutmating power for the 
orgamsms in the culture, had no protective power tn vivo and failed to 
exert any benefiaal action when adrmmstered to syphihtic rabbits, 
either intravenously or locally at the site of the syphihtic process ‘ 

The question as to whether or not immumty to syphilis can be 
transimtted to ofispnng deserves consideration at this point For a 
time it was thought that such might be the case and, as is well known, 
the prmaple was expressed in the form of a law (Profeta's law), to 
the effect that the offspring of a syphilitic woman might nurse an 
infected woman with impumty and never show signs of syphibs The 
advent of the Wassermann reaction served to show that these sup- 
posedly immune children were in reality themselves syphihtic and 
that their immunity was presumably dependent upon their oivn infec- 
tion and not upon a passive transfer of immune bodies from the 
mother Nobody has yet succeeded in brmging forward any convinc- 
ing evidence that the oSspnng of sjqihilitic parents are immune to 
syphilis and at the same time entirely free of syphihtic infection 
Nevertheless, the idea has been entertained m some quarters that 
the refractory state which develops m syphilitic individuals may in 

• Jduregui and LanceolU (161, 162) have reported that they have obtained an immune 
scrum from lamas which, when administered to animals of this species infected with 
syphilis or to sj-phthtic patients, exerts a marked bencGcial effect upon the course of 
the disease 
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part be transmitted from parent to child, and that in this way in the 
course of time the human race may gradually build up a heightened 
resistance to the disease Some of those who have been attracted to 
this hypothesis have contended, in support of it, that the course of 
syphilis IS milder now than it was several centuries ago Neisser was 
unwilling to accept such a conclusion, however He thought that the 
milder course of syphilis nowadays may be referable to a number of 
other factors, such as more precise differentiation of syphihs from other 
diseases, better individual hygiene, and better therapeutics More- 
over, he pointed out that when syphilis makes its appearance in virgin 
soil, so to speak, it does not always pursue a malignant course Fur- 
thermore, in Neisser’s opinion, in lands where the disease has been 
prevalent for years the course of the disease is not appreciably different 
from that in countries where it is not so prevalent On the whole, 
then, there is httle or no evidence to show that acquired resistance to 
syphilitic infection can be transmitted through inheritance, just as 
there is at present no satisfactory evidence to show that passive im- 
munization can be accomplished or the course of an established infec- 
tion altered by the administration of serum from immune persons or 
animals 


ANTIBODIES IN SYPHILIS 

Attempts have naturally been made to demonstrate in the blood 
serum of syphilitic patients or of animals that have been experimen- 
tally infected with syphilis, the presence of antibodies analogous to 
those that have been found in other infections The reports that have 
thus far appeared have yielded rather divergent results so that the 
matter is in a somewhat confused state at the present time 
Agghitimns. a Man Numerous attempts have been made to 
demonstrate agglutinins for T pallidum in the serum of patients 
with S3q)hilis Hoffman and v Prowazek (95) exposed emulsions of 
treponemes to the action of serum from patients with untreated sjqihi- 
lis of 6 to 8 months duration and thought they observed some tend- 
ency on the part of the orgamsms to undergo agglomeration and loss 
of motihty. They expressed themselves in a very conservative fash- 
ion, however, concerning this phenomenon and one gets the idea that 
it was not a particularly strikmg one Zabolotny and Maslakowetz 
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(96) obtained analogous results but Landstemer and Slucha (97) 
failed to obtain any evidence of agglutinating pov er on the part of the 
serum of patients with syphilis These investigators, hoiie\er, ob- 
served a tendency toiiard agglutination in preparations of matenal 
from human syphilitic lesions and suggested that this phenomenon 
might be due to the formation of agglutinins locally at the site of the 
syphihtic process although no such agglutinins vere observed in the 
serum of the same patients Uhlenhuth and Mulzer (98) were un- 
successful in demonstrating in the serum of patients with sj’phihs, 
agglutimns for treponemes denved from syphihtic lesions On the 
other hand, Tourame (99), using the microscopic method, concluded 
that he was able to demonstrate agglutinins for tissue treponemes in 
the serum of a number of syphilitics with varying manifestations of 
the disease, and was of the opinion that the procedure might be utilized 
for the diagnosis of syphihs Kissmeyer (100) found that the serum 
of some syphilitic patients agglutinated cultures of treponemes in 
higher dilution than did the serum of normal persons and Kolmer, 
Broadwell and Matsunami (101) had essentially the same e\-pencnce. 
On the other hand, Amheim (102) obtained negative results and 
Zmsser, Hopkins and McBurney (103) found that the serum of 
syphihtic patients did not agglutinate cultures of treponemes in an 
appreciably higher dilution than did normal human serum, and did 
not agglutinate treponemes obtained from syphilitic lesions In their 
opimon agglutination could not be employed as a diagnostic measure 
Siemens and Blum (104) extracted the skin of paretics and sought to 
demonstrate the presence of treponeme-agglutinating substances in 
these extracts but w ere unsuccessful 
b Rabbit Uhlenhuth and Mulzer (98) were unable to obtain any 
evidence of agglutinins in the serum of rabbits expenmentally infected 
with syphilis On the other hand, Zinsser, Hopkins and McBurney 
(103) found that the serum of syphilitic rabbits agglutinated cultures 
of treponemes in dilutions of 1 25 to 1 50 but did not exert any agglu- 
tinating or immobilizing effect upon virulent treponemes from rabbit 
lesions Blum (105) also worked with suspensions of treponemes 
obtained from sj-philitic lesions in the rabbit and found that the scrum 
of syphilitic rabbits agglutinated these organisms at times in dilutions 
>is high as 1 100, while only occasionally did normal rabbit scrum 
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agglutinate them and never in dilutions greater than 1:10 In his 
experience the occurrence of agglutimns seemed to be dependent upon 
the duration of the infection and the extent of the clinical manifesta- 
tions Almost all workers in this field have reported the production 
of agglutinins in the serum of rabbits after the intravenous injection 
of cultures of these organisms, the maximum titer varjdng with differ- 
ent observers [Nakano, 1:60 (89), Kolmer, 1 1280 (106), Zinsser 
and Hopkins, 1:4000 (107), Kissmeyer, 1:20,000 (100), Noguchi and 
Akatsu, 0 000025 cc (108)] Zinsser, Hopkins, and McBurney 
(109) made the important observation that a serum which would 
agglutinate culture treponemes in a dilution of 1:4000 would not ag- 
glutinate the same strain when the organisms were obtained from 
S3rphilitic lesions m the rabbit For some unexplained reason the 
virulent orgamsms could not be affected by the agglutinating serum, 
although the culture treponemes were readily agglutmable By means 
of cross agglutination and absorption experiments these mvestigators 
showed that treponemes from different sources were “related in group 
reactions ” 

Trepanomadal substances Finger and Landsteiner inoculated a 
series of 12 apes with mixtures of virus and serum from patients in 
various stages of syphilis, the serum-virus mixture being allowed to 
stand for § hour before inoculation In each animal a lesion developed 
at the site of inoculation indicating that the serum did not possess a 
high degree of treponemicidal activity Nakano (89) was unable to 
demonstrate the presence of treponemicidal substances in the serum 
of rabbits immunized with cultures of treponemes when he exposed 
the treponemes to the action of the serum in the test tube When he 
injected the immune serum and treponemes into the peritoneal cavity 
of guinea pigs, however, lysis of the orgamsms took place promptly. 
Control inoculations with normal rabbit serum under the same con- 
ditions did not bring about lysis nor did the serum of patients with 
early or late syphilis So far as the writer is aware Nakano is the only 
investigator who has reported the occurrence of the Pfeiffer phe- 
nomenon in association with the serum of animals immunized with 
Treponema palHduni 

Zinsser and Hopkins (110) found that the serum of rabbits and of 
sheep i mmuni zed with cultures of treponemes exerted a treponemici- 
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dal action upon cultures of treponemes tn intro According to them 
the treponemiadal activity was abolished by heating at 56°C , but 
could be reestablished by the addition of fresh normal serum This 
observation would, of course, bnng the treponemiadal substance or 
substances into line with other well known antibodies According to 
these investigators the property nas not stram specific and normal 
serum was found by them to possess a shght degree of treponemiadal 
activity although by no means to the same extent as did the serum of 
immunized animals Later Zmsser, Hopkins and McBumey (109) 
showed that the treponemiaal activity of the serum of the immunized 
ammals was not effective against nrulent treponemes denved from 
syphilitic lesions in the rabbit, although it retained its activity for 
culture treponemes Noguchi and Akatsu (108) succeeded in demon- 
strating the presence of treponemiadal substances m the serum of 
rabbits immunized with cultures by intravenous injections repeated 
over many weeks In some instances amounts of serum as small as 
0 0003 cc were, in their hands, capable of destroying the treponemes 
in the test tube The addition of complement was found to enhance 
the treponemiadal activity appreaably Microscopical examination 
of the contents of the tubes in which the reaction took place revealed 
striking changes in the morphology of the treponemes The serum of 
a syphihtic rabbit was found to exhibit treponemiadal activity m 
amounts greater than 0 03 cc , whereas 0 1 cc of normal rabbit serum 
exerted only slight restraint of grow th 
Eberson (111) investigated the treponenucidal activity of serum 
from human beings in various stages of syphilis and found no exidence 
of such in 7 patients with recent infections On the other hand, the 
serum of 18 patients with latent sjfplulis in whom the infection was 
thought to have occurred at a more remote time was found to possess 
treponemiadal power for virulent treponemes derived from rabbit 
lesions In his experiments the serum was allowed to act upon the 
virus m the test tube, the mixture bemg subsequently inoculated in- 
tratcsticularly into rabbits Treponemiadal activity did not go hand 
in hand with a positive Wassermann reaction since it was observed in 
several specimens of serum obtained from treated patients whose 
Wassermann reaction was negative The scrum of syphilitic rabbits 
was found to possess treponemiadal power when the animal from 
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which the blood was obtained had had its infection for 6 months or 
more, but treponemicidal activity could not be demonstrated in the 
serum of rabbits whose infection was of shorter duration It should 
be noted that in Eberson’s experiments the serum was preserved for 
some time and was heated at 54°C for 20 minutes before testing, also 
that he did not apparently find it necessary, as had Zmsser and his 
coworkers, to add complement in order to bring about the reaction 
It is, of course, conceivable that the small amount of serum or tissue 
juice in which the treponemes were suspended was sufficient to supply 
any complement that may have been necessary to ensure the success 
of the reaction So far as the writer is aware these experiments are 
the first in which treponemiadal activity of the serum of syphilitic 
patients or animals for virulent treponemes is descnbed In view of 
the significance of such a finding it is to be hoped that confirmation 
will be forthcoming 

Precipttins Fornet and his collaborators (112) sought to demon- 
strate the presence of precipitins in the serum of patients with syphilis 
(particularly cases of paresis and tabes), and for this purpose used as 
antigen the serum of other syphilitics who possessed manifest lesions 
They assumed that because such patients exhibited active manifest 
lesions their blood serum would be more apt to contain precipitino- 
gen than the serum of syphilitics without obvious lesions, hence 
could be used as antigen They found that when the serum of such 
patients was allowed to come in contact with the serum of other 
patients, whose infection was latent, a precipitate was formed in a 
large proportion of the cases Normal serum did not give a precipi- 
tate under the same conditions The formation of a precipitate 
under these circumstances was regarded by these investigators as an 
example of a true antigen-antibody reaction, and they thought it 
mdicated the formation of speafic precipitins in the body of the syphi- 
htic individual L Michaehs (113) at the same time extracted the 
hver of a syphilitic fetus with salt solution and found that when this 
extract was brought in contact with the serum of a patient with 
hereditary syphihs a precipitate was formed He expressed the 
thought that the reaction imght ultimately supplant the Wassermann 
test as a diagnostic procedure, a rather prophetic remark in view of the 
apparently increasing popularity of precipitin tests as diagnostic 
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procedures in syphilis Jacobsthal (114) later found that iihen the 
ordinary Wassermann “antigens” were brought in contact with serum 
from patients with s}TDhilis a precipitate was formed which was visible 
under the microscope if dark field illumination were used It was at 
first supposed that these precipitin reactions represented specific 
antigen-antibody reactions but this notion was soon abandoned 
Despite this fact interest in the phenomenon Mas maintained and 
numerous attempts were made to modify the reaction so as to be able 
to utilize it for the diagnosis of syphilis The names most prominently 
assoaated with this work are those of Bruck and Hidaka (115), Hecht 
(116), Meimcke (117), Sachs and Georgi (118), and Dreyer and Ward 
(119) abroad, and Kahn (120) in this country Already a consider- 
able literature on the subject has accumulated The modification 
advocated by Kahn has been enthusiastically received in some quar- 
ters, where it has been substituted for the Wassermann reaction as a 
routine procedure in the diagnosis of syphilis The test is, of course, 
an empincal one, and not a true antigen-antibody reaction in the stnct 
sense of the term Takenaka (121) has recently reported the occur- 
rence of positive Sachs-Georgi reactions m the serum of syphilitic 
rabbits and finds that this test parallels the Wassermann test very 
closely in these animals Speafic precipitins for cultures of Treponema 
palhdmn in the serum of patients with syphilis have not as yet been 
encountered although they were sought for by Arnheim (102) In 
Nakano’s hands rabbits immunized Mith cultures of T pallidum 
failed to develop precipitins in their blood for these organisms (89) 
Complement-fixing substances As is v ell known, the original com- 
plement-fixation reaction reported by Wassermann, Neisser and Bruck 
represented an attempt to demonstrate, in the serum of patients with 
syphilis, the presence of complement-binding substances for Treponema 
pallidum, presumably produced as a result of invasion of the body by 
the latter In the absence of cultures of the organism resort v\ as had 
to extracts of hv ers of syphihtic fetuses for antigens, since these organs 
were known to contain an abundance of treponemes In spite of the 
heterogeneous mixture of chemical substances which such extracts 
must have contained, Wassermann’s original conception was that the 
reaction reprcbcnted a true antigen-antibody reaction This idea 
had to be abandoned later when it was found that extracts of normal 
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organs would take the place of extracts of syphilitic fetal livers as 
“antigens” in the test, although for some years Wassennann cliuig to 
the idea that there was an element of stnct antigen-antibody reaction 
in connection with the test 

As everyone knows, the literature that has accumulated m connec- 
tion with the Wassennann reaction has become so enormous that it is 
almost beyond the capacity of any single individual to review it 
adequately, and this is scarcely the place to enter into a discussion of 
the vanous views that have been proposed to explain its nature The 
concensus of opinion at the present time seems to be that it is a physi- 
cal-chemical reaction connected in some way with the lipoids and 
syphihtic mfection Just why the serum of patients with syphilis 
and yaws should give this reaction and the serum of patients with other 
conditions should not give it, except in unusual instances, is not by any 
means dear It should be mentioned at this point that recent 
reports from Germany suggest that there is an element of true antigen- 
antibody reaction in the Wassermann test (122) It is much too early 
to pass final judgment upon these most recent contributions to the 
nature of this intriguing test but it would be interesting mdeed if the 
Wassermann reaction, after having been relegated to the limbo of 
empiric tests for so many years, should after all be haled back to the 
select company of strictly specific antigen-antibody reactions 

It may be noted in passing that the recent work of Takenaka (123), 
Wakerlin and Carroll (124), and Kemp, Chesney and Poole (125) indi- 
cates that with a prescnbed technique syphilitic rabbits give positive 
Wassermarm reactions during the penod of manifest lesions and 
normal rabbits give negative reactions This is not in accord with the 
traditional view prevalent in Germany, to the effect that the reaction 
cannot be-rehed upon m rabbits, but supports the earher observations 
of Nichols (126) 

Opsonins So far as the author is aware, opsonins for Treponema 
paUrdum have not been demonstrated in the serum of patients with 
syphilis Nor has it been clearly shown that phagocytosis plays an 
important role in the mechanism of resistance to syphilitic infection 
It IS true that examples of phagocytosis of treponemes in syphilitic 
lesions have been described by Ehrmann (127) and Levaditi (128) but 
the experiments of Zinsser and Hopkins (129) with mice inoculated 
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intrapentoneally with Treponema pallidum would make it appear as 
it phagocytosis were of little or no importance in natural resistance to 
syphilitic infection Bergel (130) has recently reported results which 
are in direct conflict "with those of Zinsser and Hopkins According 
to the former, phagocytosis of treponemes by lymphocytes and large 
mononuclear cells can be demonstrated to take place in the peritoneal 
cavity of rabbits, gmnea pigs and mice, when these species are inocu- 
lated intrapentoneally with matenal containing treponemes It is 
by no means easy to form a judgment as to the r61e played by phagocy- 
tosis in natural or acquired resistance to syphihtic infection because of 
the technical difficulties involved in the problem, and further studies 
along this line are urgently needed 
Cutaneous hypersensitieeness Following the discovery of Tre- 
ponema pallidum numerous attempts nere made to extract from 
syphilitic tissue substances which, when injected into the skin of pa- 
tients with syphilis, would provoke reactions of an allergic nature that 
would be speafic and perhaps prove to be of diagnostic value For the 
most part the hvers of syphilitic fetuses constituted the source of this 
material It is scarcely necessary to refer to the earlier work in great 
detail smee the reports were very conflicting, as might indeed be ex- 
pected in view of the varymg chemical constitution of the mixtures 
obtained by extracting syphihtic tissue 'While rather favorable 
results were reported by Meirowsky (131), Nicholas, Favre and Gau- 
thier (132), and Nakano (133), negative or only slightly favorable 
results vsere obtained by Ciuffo (134), Jadassohn (135), Berlin and 
Le Bruyant (136) and Fontana (137) 

The cultivation of Treponema pallidum in the test tube, howev'er, 
offered greater prospect of success in this undertaking and led Noguchi 
to prepare an extract (“luetin”) from cultures of this organism to be 
used as a skm test in the diagnosis of sjplulis (138) Prcliminaiy 
expenments with rabbits encouraged him to apply the test to human 
beings and several investigators beside himself reported favorable 
results obtained with the test, but the procedure has not made great 
headway as a means of diagnosing the presence of sj^iluhtic infection, 
perhaps because of the fact that the Wassermann reaction has proved 
to be a more potent aid The demonstration by Shernck (139) that 
the administration of potassium iodide to patients with conditions 
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Other than syphihs will frequently cause such patients to give a posi- 
tive luetm reaction makes the test of hmited value for diagnostic 
purposes Nevertheless, Noguchi’s work suggests that late in the 
course of syphihs there occurs a cutaneous hypersensitiveness to ex- 
tracts of cultures of Treponema pallidum Nakano (133) found that 
filtrates of cultures of this organism gave a higher percentage of 
positive skin reactions in syphilitic patients than did extracts of the 
same cultures, but that extracts of syphilitic hvers gave the highest 
percentage of positive reactions Nakano, furthermore, was able te 
show that the subcutaneous injection, in 2 human volunteers, of an 
extract of syphihtic hver, was capable of inducing in these individuals 
cutaneous hypersensitiveness to the same extracts injected intracuta- 
neously. Similar results were obtained by this investigator in guinea, 
pigs and rabbits It may be noted in passing that Uhlenhuth and 
Mulzer were unable to obtain any evidence of the existence, m syphi- 
litic rabbits, of cutaneous hypersensitiveness to syphihtic virus 

Attempts have not been lacking to demonstrate the presence, in 
the serum of syphihtic animals, of substances which, when transferred 
to guinea pigs, would passively sensitize these animals to material 
containing treponemes Uhlenhuth and Mulzer injected guinea pigs 
intraperitoneally with 3 to 5 cc of serum of syphilitic rabbits and in- 
oculated them intravenously on the following day with approximately 
1 cc of an emulsion of syphilitic rabbits’ testis None of the guinea, 
pigs showed anaphylactic symptoms Nakano (133) apparently was 
able to sensitize guinea pigs by the intraperitoneal injection of extracts 
of syphilitic livers and subsequently, to produce characteristic anaphy- 
lactic shock by the intravenous injection of the same extracts Ex- 
tracts of normal hvers did not shock the animals Evidence of the 
formation of anaphylatoxin in mixtures of syphihtic serum and ex- 
tracts of syphilitic livers, in mixtures of cultures and guinea pig serum, 
and in mixtures of extracts of syphihtic tissue and gumea pig serum^ 
was also obtained by this investigator. 

Summary It is clear from the foregoing analysis of the attempts 
to demonstrate the occurrence of specific antibodies in the course of 
syphihtic infection, that the subject is far from being settled While 
one or another investigator has convinced himself that this or that 
kind of antibody can be shown to develop in patients with syphilis. 



IMMUNITY IN SYI'HILIS 


523 


there are many conflicting reports Nor is it by any means clear 
that the so-called antibodies that have been demonstrated ha\e, in 
reality, anything to do with recovery from syphilitic infection or 
ivith acqmred or natural resistance to the disease It does seem 
definitely estabhshed that by the use of smtable procedures certain 
kinds of antibodies can be produced in the rabbit but v hen the very 
animal possessing these antibodies m its serum is found to be as 
susceptible to infection with potent virus as is a normal animal, one 
can scarcely escape the conclusion that such antibodies are of htde 
value as a means of protection for the animal 

immunological RELATIONSHIP OT SYPHILIS TO OTHER INTECTIONS 
DUE TO TREPONEMES 

It may be of interest, before discussing the nature of immumty in 
syphilis, to consider the immunological relationship of this infection 
to those other infections (both of man and rabbits), which are caused 
by treponemes indistinguishable from T palMxim \t the present 
time, as is well known, there is one such infection occurring m man 
(yaws), and one in rabbits (venereal spirochetosis), and it is gener- 
ally conceded to be impossible, on morphological grounds, to differen- 
tiate the microorgamsms causing these diseases from that causing 
syphihs 

Yaws 

It is not within the province of this review to discuss m detail the 
question of the identity of yaws and syphilis Considerable discus- 
sion has ansen in regard to it and there is as yet no unanimity of opin- 
ion although perhaps the majority of observers regard the conditions 
as separate disease entities Leaving aside, then, the question of 
identity, is there any evidence that an attack of yaws is capable of 
protecting an individual against an attack of syphilis? According 
to Castellam and Chalmers (140) jaws patients are not immune to 
sjphihs and vice versa Thej cite the earlier observation of Char- 
louis (141) who inoculated a vaws patient with syphilitic virus and 
produced a charactenstic attack of syphilis At the time of inocula- 
tion this patient presented a yaws lesion and 4 weeks later there ap- 
peared at the site of inoculation (breast in this case) a tjpical indurated 
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tamed by others in syphihtic rabbits -when heterologous strains of T 
pallidum ere used for the second inoculation (see table 2) Voegthn 
and Dyer (70) have also recently adduced evidence to shoi\ that 
treated syphilitic rabbits vhich are refractory to a second inoculation 
vith sj^ihihs are refractory to inoculation vith yavs \nrus Kolle 
(51) found that 7 syphihtic rabbits were all refractorj’^ to infection vith 
yaws virus, while of 15 rabbits infected with yaws, 9, or 60 per cent, 
could be successfully infected with syphilis In his experiments at 
least 120 days elapsed between inoculations 

Of interest is a recent expenment of Jahnel and Lange (150) 
These investigators inoculated 4 paretics with yaws Mrus which Bad 
been propagated in rabbits’ testes In none of the patients did a 
lesion develop although the virus was rubbed into scarified areas of 
the skin, injected intracutaneously and bits of infected rabbit testis 
were implanted in the deeper layers of the skin That failure of the 
paretics to show lesions could not be attnbuted to avinilent virus 
was demonstrated by the fact that a normal individual moculated as 
a control with the same matenal developed yaws lesions 
Summary There is some eiidence, of an epidemiologic nature, 
that in man infection with jaws protects agamst syphilis, although 
instances of both infections occumng simultaneously in the same 
individual have been reported The evidence obtained from experi- 
ments with monkeys is somewhat conflicting, but recent work with 
rabbits suggests that there is a close biological relationship between 
the etiological agents of the two diseases If it is true that an attack 
of yaws IS capable of protecting man against syphilis one cannot help 
wondering if it might not be possible to protect human beings against 
syphilis by sjstematic moculation with j’aws \arus, even to the extent 
of produang a mild attack of the latter Perhaps the tropics wiU yet 
see a new Jenner If there is anj'thing m the idea that jaws protects 
against sjiphihs, one rmght be justified m raising the question as to 
whether campaigns to eradicate j^ws are after all of real value in 
commumties exposed to sjphilis Which would be better, yaws in 
childhood with concomitant immunity to sjiphihs later in hfe, or no 
yaw s and susceptibility to syphilis? 
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Venereal sptt ochetosts of lahhits 

This infection has of late attracted considerable attention because of 
the possibility of confusing it with experimental syphihs in the rabbit 
It is an infection indigenous to rabbits, mamfesting itself as a localized 
chrome dermatitis of the genitaha and anus The lesions are superfi- 
cial, scaly, and entirely without induration, and can scarcely be mis- 
taken for syphihtic lesions The disease appears to be more common 
in Europe than in America It is transmissible from rabbit to rabbit 
by sexual intercourse, whereas T palhdum infection in rabbits is not 
transmissible by that method ^ The condition is universally held to 
be due to mfection with a variety of treponeme (T cummh) which is 
moiphologically indistinguishable from T palhdum The experiments 
of KoUe, Ruppert and Mobus (151) demonstrate conclusively that 
there is no evidence of immunologic relationship between T palhdum 
and this orgamsm Rabbits infected with the former are susceptible 
to infection with the latter and vice versa 

NATURE or UitMUTNITY IN SYPHILIS 

The fact that a syphilitic mdividual, whether man, monkey or rab- ' 
bit, acquires during the course of his disease a resistance of a rather 
high order to a second syphihtic infection, although it is impossible to 
confer this resistant state upon a representative of any of these species 
by any known method of immunization at the present time, has natur- 
ally led to much speculation as to the nature of this acqmred resist- 
ance and the mechamsm of its production Obviously the circulating 
blood would be at once considered, particularly in view of the fact that 
m relapsing fever recovery can be shown to be accompamed by the 
appearance m the blood serum of spirocheticidal substances which are 
capable of exertmg their action in the test tube The proponents of 
the humoral theory of immunity m syphilis have, however, found but 
scant support amongst the known facts There is really very little 
evidence, apart from the work of Eberson, to indicate that there are 

7 Mane, Levadib and Banu (152) reported the transmission of their so-called "neuro- 
tropic” virus of syphilis from rabbit to rabbit by sevual intercourse but most workers 
m experimental syphihs are of the opmion that they confused T pdhdmn with T ctimcuh, 
and that in reahty it was venereal spirochetosis of rabbits that was transferred and not 

sj^ihihs 



arculatmg antibodies in syphilis nhich play a r61e in the mechanism 
of acquired resistance to this infection \Miile there have been many 
references to the Wassermann reaction as indicating the presence 
of a arculatmg antibody in the blood, stnctly speaking there is no 
evidence at present to show that the unknown substance or condition 
which gives nse to this reaction in the course of S 3 fphilis is at all con- 
cerned with the mechamsm of recovery from or resistance to, this 
infection 

The general failure of investigators to demonstrate, in tlie blood 
serum of syphilitic patients or ammals cxpenmentally infected, the 
presence of substances antagonistic to virulent trcponemes, has natur- 
ally directed attention away from the blood and toward the tissues as 
the seat of the resistance There can be no question but that the tis- 
sues of the syphilitic are profoundly altered from those of the normal in 
their capacity to react to syphilitic virus introduced from without 
They can be show'n to be highly refractory to such exogenous virus 
and, in the great majonty of instances, the virus is apparently com- 
pletely disposed of without the development of gross signs of inflam- 
mation when It IS introduced into the skin or subcutaneous tissue of 
syphilitic patients Neisser was unwilling to apply the term “immun- 
ity” to this resistant state, however, for, as has been previously out- 
lined, his own expenmental work led him to conclude that it was de- 
pendent upon the persistence of foa of syphilitic infection in the body ' 
What others had regarded as true immunity Neisser contended w'as 
only an acquired inability of the skin to react to new virus introduced 
from w ithout According to him the condition might be regarded as 
merely one of acquired indifference to syphihbc varus, without the 
factor of protection for the host being necessanly implied Tor this 
condition he proposed the term “anergy ” He regarded the anergic 
state os relative and not absolute, and had the idea that it developed 
gradually and perhaps not at a umform rate in all the tissues He 
pointed out that it appears at about the tune the Wassermann reac- 
tion becomes positiv e and he thought that it probably diminished in 
the later periods of the disease 

Kraus and Volk (22) proposed the view that the resistant state that 

" This of resistance designated "Ilalbs immumt5t” by Ehrlich Recently 

Xollc has spoken of it as “Infel tionsunmunitSt ** 
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develops during the course of syphilis might be conferred upon certain 
tissue groups, the skin for example, and not upon others, m other 
words, that it was regional in distribution and perhaps not general 
These workers found support for this conception of regional immunity 
in the immunological relationships that have been found to hold in 
the case of vaccinia They called attention to the work of von Prowa- 
zek (153) and of Jurgens (154), which they were able to confirm, to 
the effect that inoculation of one cornea of a rabbit with vaccine virus 
did not protect the skin or the opposite cornea against subsequent 
inoculation vdth the same virus They also showed that cutaneous 
inoculation of apes with vaccine virus and the production of a pustule 
did not protect the cornea against subsequent inoculation These 
experiments offer strong support for the conception of a regional 
immunity in the case of vaccinia and present an attractive explana- 
tion by analogy for what has been observed in syphilis 

Subsequent reinoculation experiments by Tomasczewski vith rab- 
bits, to which allusion has already been made, may be regarded as 
offering support for tliis conception of regional tissue immumty in 
syphilis It will be remembered that this investigator foimd that 
rabbits with pre-existmg syphilitic orchitis could be successfully 
infected a second time by corneal inoculation, whereas the skm of 
such animals was refractory to the introduction of new virus He 
found also that rabbits which had been inoculated in the cornea and 
in which keratitis had developed could be successfully inoculated in 
the testis On the other hand, Uhlenhuth and Mulzer obtained 
directly opposite results 

Kraus was of the opinion that the skin participated in the immune 
process while the internal organs did not This independent sharing 
by various tissues or organs in the immunizing process in syphilis 
finds support in the clinical observation that patients with tabes dor- 
salis or paresis rarely show syphilitic skin or bone lesions and rarely 
give a history of extensive eruptions Neisser, however, was unable 
to admit that there was any evidence, from either the clinical or 
experimental standpoint, that a reciprocal relationship existed be- 
tween immunity of the skin on the one hand and immunity of the 
internal organs on the other 

The conception that the resistant state which develops in individuals 



dunng the course of syphihtic infection is not distnbuted uniformly 
throughout the body but that vanous tissue groups may share in it to 
an unequal extent under certain conditions has been strengthened by 
the ivork of Brown and Pearce (155) These inx estigators, ■norking 

with rabbits, have come to the conclusion that the character of the 
initial response of the ammal to sj-philitic infection will determine the 
subsequent course of the disease so far as the evolution of generalized 
macroscopic lesions (detectible dunng life) is concerned, also that the 
occurrence of reactions m certam tissue groups tends to mfluence the 
occurrence of reactions m other tissue groups The observations that 
they have been able to make have led them to formulate two laws 
which they speak of as the “law of inverse proportions” and the 
“law of progression or sequence ” According to the former of these 
two laws the course of syphilis m the rabbit is in inverse ratio to the 
extent and intensity of the initial local reaction In other words, m 
ammals with marked outspoken pnmary reactions the subsequent 
course of the infection (number and extent of generalized lesions), 
IS milder than in those ammals in which the pnmary response is rela- 
tively slight or IS suppressed by artifiaal means Their second law, 
the law of progression or sequence, is based upon the obserx ation that 
when syphilis is allowed to run its course undisturbed in the rabbit 
there tends to be an orderly development of metastatic lesions, those 
involving one tissue group tending to make their appearance before 
those involving other tissue groups It is the conception of these 
investigators that this state of affairs reflects a “natural order of 
susceptibility and of involvement,” and they consider that reactions 
taking place in one group of tissues may giv'e nse to protectix e influ- 
ences which are imparted to other groups of tissues, again in an orderly 
fashion It is clear that this conception implies that the resistant 
state which develops during the course of syphihs is at least unequally 
shared by certam tissues, and it seems not unlikely that this inequal- 
ity of participation m the immune reaction ma> explain the subsequent 
course of the disease in any given indmdual 
Largely upon the basis of his own work, Zinsser (4) has suggested 
that the refractorj state v\hich develops dunng the course of s\-phi- 
htic infection may be the expression of a local immunitj dev eloping m 
silt4 wherever the microorganisms happen to lodge and set up a reac- 
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tion Here then we have a narrower conception of syphilitic immun- 
ity than that of the regional idea advanced by Kraus The evidence 
upon which Zinsser bases his proposal was derived from experiments 
by himself and co-workers upon a senes of rabbits These investiga- 
tors found that “the opposite testis can be successfully inoculated 
before, dunng or after, the existence of a testicular lesion on on side, 
but that reinoculation of the same testis which had apparently re- 
turned to normal, at periods rangmg from 6 weeks to one year, was 
not often successful ” Study of the protocols of these experiments 
reveals the fact that in the instances where Zinsser and his collabora- 
tors obtained undoubted reinfections, heterologous strains of trepo- 
nemes were used for remoculation, whereas when homologous strains 
were used no reinfections were obtained Because of the use, by these 
workers, of heterologous strains for remoculation, and because of the 
now well extablished fact that in the rabbit the acquired resistance to 
syphilitic infection is more effective against homologous than against 
heterologous strains of treponemes, one is justified m being cautious 
before acceptmg the interpretation that Zinsser has put upon his 
experiments 

Chesney and Kemp (49) found that the opposite uninvolved testis 
of syphilitic rabbits treated late in the course of their infection was 
just as refractory to a second inoculation with homologous strains as 
a testis which had been the seat of a syphihtic inflammatory reaction 
prior to treatment Moreover, in an expenment the report of which 
is now in course of publication these same investigators were able to 
show that granulating wounds in immune rabbits share m the anergic 
state to some, although not quite the same extent as do testes which 
were formerly diseased In a series of 16 rabbits inoculated intra- 
testicularly and treated late in the course of the disease, at a time when 
from previous experience one could be certain that they would be re- 
fractory to a second intratesticular inoculation, second inoculations 
were performed by applying the virus to a granulating wound (14 
days old) on the back of the animal In only one of the 16 ammals 
did a lesion (chancre) develop at the site of inoculation, m the remain- 
ing 15 no lesion made its appearance but in at least 7 of these 15 there 
was evidence that infection had taken place and that dissemination of 
the virus had occurred Since in this experiment the wounds were 
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made after thorough treatment and the granulation tissue represented 
new tissue which could scarcely have been exposed to invasion by 
treponemes until the time of the second inoculation, this expenment 
would tend to indicate that in order for tissue (of rabbits) to acquire 
the anergic state toward treponemes, it is not necessary that there he 
previous infection of that tissue by the orgamsms Apparently m 
the rabhit, at least, the acqmred refractory state or anergj' or im- 
munity, call it what you will, is a property which may be imparted to 
newly-formed granulation tissue but is not absolute, since under the 
conditions of the expenment systemic mfection of some of the ammals 
occurred even though no lesion developed at the site of inoculation 

This last fact, that syphilitic ammals that have been treated can be 
successfully infected a second time without tlie development of any 
lesion at the site of reinoculation, has been substantiated in several 
expenments performed by the wnter in assoaation inth Kemp, and 
It suggests that in immune animals the circulating blood does not 
share m the resistant state to the same extent as the tissues at the site 
of reinoculation If, as these investigators have demonstrated, the 
resistant state can be conferred upon newly-formed granulation tissue 
and if, in addition, it can be shown that there is no humoral factor 
operating in syphilitic immumty, one may perhaps conclude that the 
resistant state is confined to the cells and can be transmitted to suc- 
cessive generations of new cells On the whole, there is more evidence 
in favor of the view that the mechanism of immumtj'^ in syphilis is 
more closely related to the cells than to the blood, although neither 
of these factors can be ruled out at the present time and it is not un- 
likely that both are involved 

It might be supposed that phagocytosis would plaj a role in the 
mechamsm of acquired immunity in syphihs but thus far little e\u- 
dence has been forthcoming to indicate that it is of any significance, 
either in natural or acquired resistance to this infection Little is 
known of the extent to which it enters into the process of healing of 
the initial mamfestations of the disease Wdule both Ehrmann and 
Eevaditi claim to have observ'ed in stained sections examples of what 
they regarded as phagocytosis of treponemes, and Bergel attaches 
great importance to the process, the experiments of Zinsser and Hop- 
hins on mice, on the other hand, make it seem hkely that it is not of 
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major importance as a defensive mechanism for animals not inherently 
susceptible to syphilitic infection. Moreover, the ease with which 
granulating wounds of normal rabbits can be inoculated with virulent 
strains of T palhdiim, as demonstrated by Chesney and Kemp (156), 
does not lend support to the idea that the phagocytic cells of the rab- 
bit are particularly active against hving virulent treponemes 
Nevertheless, tbe reservation should be made that in the immune 
ammal phagocytosis may have a much more important part in the 
defensive mechanism than can be determined at the present time with 
the methods at our disposal 

This phase of the subject should not be dismissed without calling 
attention once more to the observations of Bergel (130) This inves- 
tigator has come to the conclusion that the lymphocytes and macro- 
phages are of prime importance in the destruction of treponemes in 
the body of the host He is convinced that phagocytosis of these 
organisms by these particular cells takes place with great frequency 
in syphilitic infections, and he claims to have observed in fresh speci- 
mens of material from syphilitic lesions the engulfing of living, actively 
motile specimens of T pallidum by lymphocytes and macrophages and 
their subsequent dissolution within the cell He is of the opinion that 
both extra- and intracellular lysis of treponemes is brought about 
through the agency of lipolytic enzymes which the lymphocytes are 
capable of elaborating and discharging into the surrounding medium 
His conception of the defensive mechanism m syphilis, then, is that it 
is in large part a reaction taking place between the lipoidal treponemes 
on the one hand, and lipolytic enzymes evolved by the lymphocytes on 
the other, with destruction of the former It is clear from a perusal 
of Bergel’s communication that much of his hypothesis rests upon the 
interpretation of stained preparations checked by examination of 
fresh preparations observed by the dark field method Because of 
the dangers of misinterpretation of stamed specimens, opinion as to 
the views of Bergel must be guarded for the time being, nevertheless, 
the conception is new and offers the possibility of a fresh line of attack. 

If it IS an established fact that human beings with syphihs acquire, 
early in the course of their disease, a resistance to new infection from 
without, to the extent that the skin is wholly refractory to relatively 
large amounts of foreign virus introduced upon a scanfied area, ho\^ 
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can one reconale -wnth this state of affairs the fact that such individuals 
may, and not infrequently do, continue to show lesions on their skm, 
mucous membranes and elsewhere, caused by their own virus coimng 
from within? Here apparently is a paradox — acqmred resistance to 
exogenous virus but continuing susceptibihty to endogenous virus 
This pecuhar situation has for years been a matter of keen interest to 
students of syphilis As long ago as 1884 Neisser (157) called atten- 
tion to it and in the intervening years several hypotheses have been 
offered m explanation 

It has been suggested that the superfiaal layers of the skin acquire 
the refractory state m advance of the deeper layers so that the host is 
protected against outside virus before he is protected against that 
cormng from within Agamst this view is the well known fact that 
secondary lesions of syphilis do eventually mvolve the most super- 
fiaal layers of the integument Another view that has been proposed 
is that from time to time there occur fluctuabons m the refractory 
state which permit successive crops of treponemes to be engendered, 
these in turn produang lesions It must be admitted that the exist- 
ence of such fluctuations has not been proved and it seems unhkely 
that they occur dunng the early stages of the disease at any rate It 
IS conceivable that the apparent paradox might be explained upon the 
basis of Zinsser’s theory, namely that the resistant state is a local 
phenomenon dependent upon direct mvasion of the tissues by the 
parasites According to this conception if lesions developed subse- 
quently in a given tissue or organ it would be because that particular 
locality had not been invaded at the time of the first dissemination of 
the treponemes or at any rate had not been the seat of an inflammatory 
reaction Still another hypothesis that might explain the observed 
facts would be the supposition that Treponema pallidum possesses a 
complicated life cycle durmg the course of w hich it enters phases w hich 
are more virulent or more resistant against the body defenses Noth- 
ing defimte is known of a life cycle for this orgamsm m which thepara- 
site takes on a new or different morpholog> from that with which we 
are now familiar, although at least one author, McDonagh, (158) has 
been insistent in his claims that there is such a complex cj cle, and not 
a few others have toyed w ith the idea 

The hj'pothesis to which both Neisser and Levaditi lend their adher- 
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ence, in order to explain the apparent paradox, holds that the trepo- 
nemes develop a resistance against the treponermcidal agents of 
the host, that the former themselves become immimized as it were 
and m this manner are able to resist a defensive mecham'sm which is 
fully capable of dealing with and destroying foreign virus One may 
conceive of a balance being struck between the host and the parasite, 
a mutual immunization as it were, whereby the latter remains viable 
for decades in the body of the former without exerting any tissue reac- 
tion and perhaps without mcreasing in numbers, yet is ever ready and 
able to initiate an mflammatory reaction should conditions (as yet 
imperfectly understood) favor the development of new generations of 
organisms, and retams, as a parasite, the abihty to infect and produce 
disease in a new host. This state of affairs implies a delicate adjust- 
ment between host and parasite, actually, of course, it is but another 
way of descnbing the course of syphilitic mfection as observed m man 
As Levaditi has pointed out, it presupposes a certain plasticity on the 
part of the treponemes, but there is no reason to suppose that such a 
condition might not be inherent in these organisms, or possibly be 
developed in them in response to the proper demand Indeed the 
experiments of Zinsser and his co-workers make it seem entirely hkely 
that treponemes do possess plastiaty m the sense that they are capable 
of undergomg profound changes in both virulence and susceptibility 
to antagonistic agents Attention has already been called to the ex- 
periments in which these investigators demonstrated that when T 
palhdum was cultivated in the test tube the microorgamsms lost all 
virulence for rabbits and were readily agglutinated and underwent 
lysis in the serum of immunized animals whereas the same stram, while 
being propagated m rabbits, not only retained its virulence but was 
incapable of being agglutmated or dissolved by the same serum 
The hypothesis that an equihbrium is set up between host and para- 
site through a process of mutual immunization or adaptation, attrac- 
tive as it may be, still leaves unexplained the causes for the disturb- 
ances in this equilibrium which later bring about mamfestations of 
disease One must assume, in accordance with this theory, that such 
disturbances do occur in order to account for the subsequent develop- 
ment of mamfestations of syphihs after a period of latency Eberson’s 
view is that treponemicidal activity evolved by the host in response to 
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invasion by the treponemes is responsible for the maintenance of the 
latent state, but he gives no explanation for the subsidence of this 
activity and the attendant resumption of the disease process 
When for reasons as yet obscure the balance is disturbed and new 
inflammatory reactions are set up with the development of macro- 
scopic lesions, do these new lesions represent an increase in the number 
of treponemes or an exaltation of their virulence, or both, and is the 
reaction similar to that which would be exhibited by a normal indi- 
vidual or one in the early stages of the disease? Or is there evidence 
that the body of the sjfphilitic mdividual, by reason of the existence of 
syphilitic infection within it for some time, has been changed and now 
reacts in an altogether different manner? All the evidence is m favor 
of the latter view Climcal and pathological expenence, as is well 
known, shows that the tissues of the syphilitic individual, who has 
carried his infection for some time, react toward his own virus m a 
manner altogether different from that of a normal person The 
character of the late lesions is markedly different from that of the 
early ones — destructive and proliferative changes are in the ascend- 
ency in the case of the former, and yet it is the universal expenence 
that treponemes are extremely scarce in tertiary lesions The inflam- 
matory response in late syphihs is indeed out of proportion, apparcntlj , 
to the size of the stimulus, and this indication is suffiaent to place the 
late tertiary lesions m the category of allergic phenomena Moreover, 
ammal inoculation has demonstrated that the organisms found in 
these lesions do not possess an exalted virulence, hence there is no 
reason to asenbe to changes in the virulence of the virus, the greater 
tissue response exhibited by the late lesion Rather, on the other 
hand, should it be asenbed to changes in the host ® 

•Bergel (130) has suggested an explanation lor the difTcrcnce in chancter betisccn 
earl> and late lesions which emphasizes changes in the parasite rather than in the host 
His \ lew IS that m the course of sypbihUc infection the mating agent is altered by reason 
of the defensive mechanism of the host, that this alteration is expressed m a cliangc in 
the chemical constitution of the \ irus, and that the chemically altered \ irus is capable of 
setting up a different sort of cellular reaction from that occasioned b> Uic unaltcrc<l 
Virus He thinks that tlie cellular picture of an inflammatorj reaction is conditione<l m 
part by the chemical nature of the antigen, that in carl> syphihs the reaction is primarily 
lyrophocyuc, due to tlie hpoid nature of the (as yet) unaltered treponemes, but tliat 
later, when through the action of lipolytic enzymes the treponemes ore di\estcd of their 
hpoidal Constituents, the chemical constitution of these organisms is changed and con 
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treponemes and the body cells to evoke an inflammatory reaction but 
not enough to make this reaction overwhelming for the former In 
the final analysis the difference or the similarity must be a metabolic 
one and perhaps we shall have to wait for a clearer understanding of 
the physiological processes of the treponemes and body cells as well, 
before light is thrown on the question To make my meaning clear 
in this connection, I cannot do better than quote from Theobald 
Smith (159) who wrote in 1913 as follows “There is another type of 
parasite which may dispense largely with both offensive and defensive 
processes We can conceive of this type as exerting a metabolic 
activity approximating so closely to that of the host that the latter 
reacts but slightly, and then only after a long period of stimulation 
This type of parasite would have very little that is body-foreign or 
blood-foreign In this latter class I would place such organisms as 
the spirochete of syphihs If the exquisite, prolonged parasitism of 
this microorganism, the relatively slight lesions and their curability, 
be borne in mind, it will be understood why I place it in this category/' 

GENERAL SUMMARY 

Thus far the only animal species that have been found to be regu- 
larly susceptible to infection with T pallidum are man, the monkey 
and the rabbit There is no evidence to show that any races of man 
are naturally insusceptible to syphihs, although some races do seem to 
react differently from others to the infection Of natural individual 
immunity to syphilis nothing is known 

With reference to acquired immunity to syphilis, clinical expenence 
has demonstrated that second attacks of this infection in the same 
individual are extremely rare Inoculations of patients in various 
stages of the disease with active syphihtic virus have shown that the 
syphilitic individual gradually acquires a resistance against luetic 
\drus introduced into the skin from without This resistance is not 
absolute, however, but appears to be more pronounced during the 
later stages of the disease Inoculation of patients presenting second- 
ary or tertiary manifestations of syphilis with virulent syphilitic virus 

10 Since the above was wntten KoUe and Evers (163) have reported the successful 
transmission of sj-phihs to gumea pigs with such regularity, apparently, as to permit the 
utilization of this species for the experimental study of syphihs. 
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under certain arcumstances leads to the development of lesions simu- 
latmg those charactenstic of the particular stage of syphihs m which 
the individual happens to be Such inoculations very rarely lead to 
the production of a chancre followed by secondary manifestations, such 
as occurs in the ordinary evolution of the disease in a normal 
mdividual 

Experiments show that syphilitic monkeys and rabbits also acqmre 
a resistance to a second infecbon In the rabbit this resistance is 
first manifest about 6 to 8 weeks after inoculation and appears to be 
firmly estabhshed by the fifteenth week of the disease In the 
monkey, also, the resistance requires time for its development There 
IS some expenmental evidence which mdicates that in the rabbit the 
refractory state is not equally imparted to all tissues of the body 

Neisser advanced the view that the acquired refractory state in 
syphihs IS dependent upon the persistence of foa of syphilitic infection 
Recent experimental evidence suggests that rabbits, at least, may 
acquire during the course of syphihs an immunity which will persist 
after the infection has been abohshed Treatment of syphihtic 
rabbits at appropriate intervals after infection is capable of arresting 
the development of this resistant state but not of abolishing it, once 
It IS established Chmcal experience in respect of the occurrence of 
reinfections in man is not in conflict with the conception of an acquired 
immunity which persists in the absence of the disease This concep- 
tion, if fully substantiated, will dispose of the remoculation test as a 
cntenon of cure of syphilis 

Recent experiments with rabbits show that the acquired refractory 
state which develops in these animals dunng the course of syphilitic 
infection is more effective against a second inoculation with homolo- 
gous strains than with heterologous strains There is also evidence 
to show that it is possible to reinfect treated syphilitic rabbits without 
the development of a charactenstic syphilitic lesion at the site of 
remoculation The time at which treatment is begun and the mode 
of remoculation appear to be two factors which play a part in bringing 
about this type of reaction 

Attempts to produce in man or the lower animals, active immunity 
to syphilitic infection by the utilization of derivatives of syphilitic 
tissue, cultures of treponemes syphilitic virus (liMng or dead), or 
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treponemes and the body cells to evoke an inflammatory reaction but 
not enough to make this reaction overwhelming for the former In 
the final analysis the difference or the similarity must be a metabolic 
one and perhaps we shall have to wait for a clearer understanding of 
the physiological processes of the treponemes and body cells as well, 
before light is thrown on the question To make my meaning clear 
in this connection, I cannot do better than quote from Theobald 
Smith (159) who wrote in 1913 as follows “There is another type of 
parasite which may dispense largely with both offensive and defensive 
processes We can conceive of this type as exerting a metabolic 
activity approximating so closely to that of the host that the latter 
reacts but slightly, and then only after a long period of stimulation 
This type of parasite would have very httle that is body-foreign or 
blood-foreign In this latter class I would place such organisms as 
the spirochete of syphihs If the exquisite, prolonged parasitism of 
this microorganism, the relatively slight lesions and their curability, 
be borne in mind, it wifi, be understood why I place it in this category 

GENERAL SUMMARY 

Thus far the only animal species that have been found to be regu- 
larly susceptible to infection with T palhdum are man, the monkey 
and the rabbit There is no evidence to show that any races of man 
are naturally insusceptible to syphilis, although some races do seem to 
react differently from others to the infection Of natural individual 
immunity to syphihs nothmg is known 

With reference to acquired immunity to syphilis, clinical experience 
has demonstrated that second attacks of this infection in the same 
individual are extremely rare Inoculations of patients in various 
stages of the disease with active syphilitic virus have shown that the 
S3q)hihtic individual gradually acquires a resistance against luetic 
virus introduced into the skin from without This resistance is not 
absolute, however, but appears to be more pronounced during the 
later stages of the disease Inoculation of patients presenting second- 
ary or tertiary manifestations of syphilis with virulent S3rphilitic virus 

Since the above was wntten KoUe and Evers (163) have reported the successful 
transmission of syphihs to gumea pigs with such regularity, apparently, as to permit the 
utilization of this species for the experimental study of syphihs 
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under certam arcumstances leads to the development of lesions simu- 
lating those charactenstic of the particular stage of syphihs in which 
the mdividual happens to be Such inoculations very rarely lead to 
the production of a chancre followed by secondary manifestations, such 
as occurs m the ordinary evolution of the disease m a normal 
individual 

Experiments show that syphihtic monkeys and rabbits also acquire 
a resistance to a second infection In the rabbit this resistance is 
first manifest about 6 to 8 weeks after inoculation and appears to be 
firmly established by the fifteenth week of the disease In the 
monkey, also, the resistance requires time for its development There 
is some expenmental evidence which indicates that in the rabbit the 
refractory state is not equally imparted to all tissues of the body 

Neisser advanced the view that the acqmred refractory state in 
syphilis is dependent upon the persistence of foa of syphihtic infection 
Recent experimental evidence suggests that rabbits, at least, may 
acquire dunng the course of syphilis an immunity which will persist 
after the infection has been abohshed Treatment of syphilitic 
rabbits at appropriate intervals after infection is capable of arresting 
the development of tbs resistant state but not of abohsbng it, once 
It is estabhshed Chnical experience m respect of the occurrence of 
reinfections in man is not m conflict with the conception of an acqmred 
immunity wbch persists m the absence of the disease Tbs concep- 
tion, if fully substantiated, will dispose of the remoculation test as a 
entenon of cure of sypblis 

Recent expenments with rabbits show that the acqmred refractory 
state ubch develops in these animals dunng the course of sypblitic 
infection is more effective against a second inoculation with homolo- 
gous strains than iiith heterologous strams There is also evidence 
to shon that it is possible to reinfect treated syphilitic rabbits uithout 
the development of a characteristic sypblitic lesion at the site of 
remoculation The time at wbch treatment is begun and the mode 
of remoculation appear to be tu o factors wbch play a part in bnngmg 
about tbs type of reaction 

Attempts to produce in man or the lower animals, active immumty 
to sypblitic infection by the uhlization of derivatives of sypbhUc 
tissue, cultures of treponemes syphihtic virus (living or dead), or 
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products of the latter, have been uniformly unsuccessful, pro^^ded the 
disease itself was not produced Nor have such methods had much 
effect upon the course of an already established infection Attempts 
to confer immunity to syphilis by passive transfer of serum from im- 
mune persons or animals have likewise been fruitless Apparently 
infection with virulent virus is necessary to produce immunity, al- 
though perhaps not essential to maintan it 
It has been possible to demonstrate antibodies such as agglutinins, 
precipitins and treponemicidal substances in the serum of animals 
following immunization with virus from syphilitic tissue, or more 
particularly vnth cultures, and some observers have reported the 
presence of these antibodies m the serum of patients with syphilis, 
but it is not at all clear that these substances have anything to do with 
natural or acquired immunity to this infection It is significant that 
they have been found to be less effective against virus obtained from 
syphilitic lesions than against cultures of the organism 
There seems to be a biologic relationship between syphilis and yaws, 
although this question is by no means settled There is as yet no 
evidence of any biologic relationship between T palMum and the 
organism causing venereal spirochetosis {T cimtcuU) of rabbits 
The mechanism of immunity in syphilis is not by any means clearly 
understood There is on the whole little evidence that antibodies 
circulating m the blood are responsible for acqmred resistance The 
part played by the cells is not fully established although these are 
undoubtedly of prime importance in the resistance mechamsm It 
is certain that the tissues of the syphihtic individual acquire the capac- 
ity to react to new syphihtic virus introduced from without and also 
to the individuars own virus, in a manner wholly different from that 
mamfested by the normal individual This altered reaction capacity 
may at times manifest itself as a state of apparent indifference or 
anergy, again as a state of hypersusceptibility or allergy Both of 
these states may be functions of the defensive process and may serve 
a useful purpose so far as the individual is concerned Spontaneous 
sterilizing immunity in syphilis, if it ever occurs, must be extremely 
rare Man seems to be mcapable, as a rule, of eliminating syphilitic 
infection from his body unaided, although he does possess the ability 
to react against it and to limit somewhat its extent This reaction 
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at its best is incomplete, however, although fairly effective for long 
penods of time The fact that it is incomplete may be due in part to 
an immunization of the invading organism against the host, so that a 
balance is struck between the two, a mutual adjustment as it were, 
whereby a state of ideal parasitism is appro\imated, or else to some 
similanty between the metabolic activities of treponemes on the one 
hand, and the body cells on the other 
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